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INTRODUCTION 

Intel microprocessors and peripherals provide a complete 
solution in increasingly complex application environ- 
ments. Quite often, a single peripheral device will replace 
anywhere from 20 to 100 TTL devices (and the associated 
design time that goes with them). 

Built-in functions and a standard Intel microprocessor/ 
peripheral interface deliver very real time and perfor- 
mance advantages to the designer of microprocessor- 
based systems. 

REDUCED TIME TO MARKET 

When you can purchase an off-the-shelf solution that 
replaces a number of discrete devices, you're also re- 
placing all the design, testing, and debug time that goes 
with them. ' 

INCREASED RELIABILITY 

At Intel, the rate of failure for devices is carefully tracked. 
> Reliability is a tangible goal, and today we're measuring 
field failures in terms of parts per million/ That translates 
to higher reliability for your product, reduced downtime, 
and reduced repair costs. And as more and more func- 
tions are integrated on a single VLSI device, the resulting 
system requires less power, produces less heat, and 
requires fewer mechanical connections— again resulting 
in greater system reliability. 

LOWER PRODUCT COST 

By minimizing design time, increasing reliability, and 



replacing numerous parts, microprocessor and peripheral 
solutions can contribute dramatically to a lower product 
cost. 

HIGHER SYSTEM PERFORMANCE 

Intel microprocessors and peripherals provide the highest 
system performance for the demands of today's (and 
tommorrow's) microprocessor-based applications. For 
example, the iAPX 286 CPU, with its on-chip memory 
management and protection, offers the highest perfor- 
mance for multitasking, multiuser systems. 

HOW TO USE THE GUIDE 

The following application guide illustrates the range of 
microprocessors and peripherals that can be used for the 
applications in the vertical column on the left. The peri- 
pherals are grouped by the I/O function they control: 
CRT, datacommunication, universal (user programma- 
ble), mass storage, dynamic RAM's, and CPU/ bus 
support. 

An "X M in a horizontal application row indicates a poten- 
tial peripheral or CPU, depending upon the features 
desired. For example, a conversational terminal could 
use either of the three display controllers, depending 
upon features like the number of characters per row or 
font capability. A "Y M indicates a likely candidate, for 
example, the 8272A Floppy Disk Controller in a small 
business computer. 1 
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8080 A/8080 A- 1/8080A-2 
8-BIT N-CHANNEL MICROPROCESSOR 



TTL Drive Capability . 1 6-Bit Stack Pointer and Stack 

2 - ( - 1:1.3 M s, - 2:1.5 ,s) Instruction "2SEl£% fiMSSSJ KJKK 



Cycle 



Switching of the Program Environment 



. Powerful Problem Solving Instruction ■ %^f x £ inaT), > and Double Precision 

. BGeneral Purpose Registers and an ■ {^llty * Provide Priorlty Vectored 
Accumulator inierrupis 

4oo *o a t ai ■ ■ 512 Directly Addressed I/O Ports 

■ 16-Bit Program Counter for Directly , 

Addressing up to 64K Bytes of ■ Available in EXPRESS 

Memory - Standard Temperature Range 

The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It*is fabricated on a single LSI chip using 
Intel's n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing 
applications. 

The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions 
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 16-bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine 
nesting. 

This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O are 
provided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides 
the ability to suspend processor operation and force the address and data busses into a high impedance state. This permits 
OR-tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 

NOTE: 

The 8080A is functionally and electrically compatible with the Intel® 8080. 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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8080 A/8080 A- 1/8080A-2 



Table 1. Pin Description 



Symbol 


Type 


Name and Function 


A15-A0 


0 


Address Bus: The address bus provides the address to memory (up to 64K 8-bit words) or denotes the I/O 
device number for up to 256 input and 256 output devices. A 0 is the least significant address bit. 


D 7 -D 0 


I/O 


Data Bus: The data bus provides bi-directional communication betweeen the CPU, memory, and I/O 
devices for instructions and data transfers. Also, during the first clock cycle of each machine cycle, the 
8080A outputs a status word on the data bus that describes the current machine cycle. D 0 is the least 
signiiicani on. < 


SYNC 


0 


Synchronizing Signal: The SYNC pin provides a signal to indicate the beginning of each machine cycle. 


DBIN 


0 


Data Bus In: The DBIN signal indicates to external circuits that the data bus is in the input mode. This 
signal should be used to enable the gating of data onto the 8080A data bus from memory or I/O- 


READY 


1 


Ready: The READY signal indicates to the 8080A that valid memory or input data is available on the 8080A 
data bus. This signal is used to synchronize the CPU with slower memory or I/O devices. If after sending 
an address out the 8080A does not receive a READY input, the 8080A will enter a WAITstate for as long as 
the READY line is low. READY can also be used to single step the CPU 


WAIT 


0 


Wait: The WAIT signal acknowledges that the CPU is in a WAITstate. 


WR 


0 


Write: The WR signal is used for memory WRITE or I/O output control. The data on the data bus is stable 
while the WR signal is active low (WR = 0). 


HOLD 


1 


Hold: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state allows an external 
device to gain control of the 8080A addres&and data bus as soon as the 8080A has completed its use of 
these busses for the current machine cycle. It is recognized under the following conditions: 

• the CPU is in the HALT state. 

• the CPU is in the T2 or TW state and the READY signal is active. As a result of entering the HOLD state 
the CPU ADDRESS BUS (A-, 5 -A 0 ) and DATA BUS (D 7 -D 0 ) will be in their high impedance state. The CPU 
acknowledges its state with the HOLD ACKNOWLEDGE (HLDA) pin. 


HLDA 


0 


Hold Acknowledge: The HLDA signal appears in response to the HOLD signal and indicates that the data 
and address bus will go to the high impedance state. The HLDA signal begins at: 

• T3 for READ memory or input. 

• The Clock Period following T3 for WRITE memory or OUTPUT operation. 
In either case, the HLDA signal appears after the rising edge of fa. 


INTE 


0 , 


Interrupt Enable: Indicates the content of the internal interrupt enable flip/flop. This flip/flop may be set 
or reset by the Enable and Disable Interrupt instructions and inhibits interrupts from being accepted'by 
the CPU when it is reset. It is automatically reset (disabling further interrupts) at time T1 of the instruction 
Teicn cycie ^iviiy wnen an inierrupi is accepieu aim is aiso re&ei Dy trie ncoci siynai. 


INT 


1 


ln#Arnint Q am toot ■ Tho O D I 1 rap/^nni^ac an intarrnnt camioct r\r\ tKic lir>o sat t h o anH nf t h o 01 1 rront 

interrupt nequest. i ne v/r u recognizes an inierrupi requesi on ims line ai ine enu 01 uie ourreru 
instruction or while halted. If the CPU is in the HOLD state or if the Interrupt Enable flip/flop is reset it will 
not honor the request. 


, — 

RESET 


1 


Reset: While the RESETsignal is activated, the content of the program counter is cleared. After RESET, 
the program will start at location 0 in memory. The INTE and HLDA flip/flops are also reset. Note that the 
flags, accumulator, stack pointer, and registers are not cleared. 


v S s 




Ground: Reference. 


Vdd 




Power: +12 ±5% Volts. 


v C c 




Power: +5 ±5% Vblts 


Vbb 4 




Power: -5 ±5% Volts. 


<Al. <f>2 




Clock Phases: 2 externally supplied clock phases, (non TTL compatible) 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to +70° C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages 

, With Respect to V BB -0.3V to +20V 

Vcc» V DD and V S s With Respect to V B b -0.3V to +20V 
Power Dissipation 1.5W 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
d.evice. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = o°c to to°c, v dd = +12V ±5%, 

V C C = *5V ±5%, V B B = -5V ±5%, V S s : 



=0V; unless otherwise noted) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Condition 

,) 


VlLC ' 


Clock Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V IHC 


Clock Input High Voltage 


9.0 




V DD +1 


V 




VlL 


Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V,H 


Input High Voltage 


3.3 




V CC +1 


V 




v 0L 


Output Low Voltage 






0.45 


V 


Iql = 1 -9mA on all outputs, 


V 0 H 


Output High Voltage 


3.7 






V , 


"Ioh^-iboma. 


•dd (AV) 


Avg. Power Supply Current (Vqd) 




40 


70 


mA 


Operation 
Tqy = -48 /usee 


'CC (AV) 


Avg. Power Supply Current (Vcc) 




60 


80 


mA 


'bb(av) 


Avg. Power Supply Current (V B b) 




.01 


1 


mA 


IlL 


Input Leakage 






±1Q 


juA 


Vss ^ V|n < Vcc 


»CL 


Clock Leakage 






±10 


.ma 


Vss < VcLOCK ^ V DD 


l DL t2] 


Data Bus Leakage in Input Mode 






-100 
-2.0 , 


ma 

mA 


Vss<V, N <V ss +0.8V 
V ss +0.8V<V| N <Vp C 


«FL 


Address and Data Bus Leakage 
During HOLD 






+ 10 
-100 


MA 


Vaddr/data = v cc 
Vaddr/data * V S s + 0.45V 



CAPACITANCE (T A = 25°c, v cc = v DD =v ss = ov, v BB = -5V) 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Condition 




Clock Capacitance 


17 


25 


Pf 


f c = 1 MHz 


C IN 


Input Capacitance 


6 


10 


Pf 


Unmeasured Pins 


C OUT 


Output Capacitance 


10 


20 


Pf 


Returned to Vss 



NOTES: 

1 . The RESET signal must be active for a minimum of 3 clock cycles. 

2. AI supply / AT a = -0.45%/° C. 




AMBIENT TEMPERATURE (°CJ 



Typical Supply Current vs. 
Temperature, Normalized^ 



,13] 



2-3 



irrtel 



8080A/8080A-1 /8080A-2 



A.C. CHARACTERISTICS (8080A) <t a = o°c to 70°c, v DD 

Vbb = -5V±5%,V SS = 



= +12V +5%, V C c = +5V ±5%, 
OV; unless otherwise noted) 



Symbol 


Parameter 


Mir). 


Max. 


•1 
Min. 


•1 
Max. 


•2 

Min. 


2 
Max. 


Unit 


tcY [3] 


Clock Period 


0.48 


2.0 


0.32 


2.0 


0.38 


2.0 


^sec 


tr, tf 


Clock Rise and Fall Time 


0 


50 


0 


25 


0 


50 


nsec 


t 0 i 


0-j Pulse Width 


60 




50 




60 




nsec 


t02 


0 2 Pulse Width 


220 




145 




175 




nsec 


*D1 


Delay 0-\ to 02 


0 




0 




0 




nsec 


tD2 


Delay 02 to 0-| 


70 




60 




70 




nsec 


*D3 


Delay 0-j to 02 Leading Edges 


80 




60 




70 




nsec 


*DA 


Address Output Delay From 02 




200 




150 




175 


nsec 


tDD 


Data Output Delay From 02 




220 




180 




200 


nsec 


tDC 


Signal Output Delay From 0\ or 0 2 (SYNC, WR, WAIT, HLDA) 




120 




110 




120 


nsec 


tDF 


DBIN Delay From 02 


25 


140 


25 


130 


25 


140 


nsec 


t D l™ 


Delay for Input Bus to Enter Input Mode 




tDF 




tDF 




tDF 


nsec 


tDS1 


Data Setup Time During 0-) and DBIN 


30 




10 




20 




nsec 


*DS2 


Data Setup Time to 0 2 During DBIN 


150 




120 




130 




nsec 


*DH [1] 


Data Holt time From 02 During DBIN 


[1] 




[1] 




[1] 




nsec 


t|E 


INTE Output Delay From 02 




200 




200 




200 


nsec 


tRS 


READY Setup Time During 02 


120 




90 




90 




nsec 




HOLD Setup Time to 0 2 


140 




120 




120 




nsec 


tis 


INT Setup Time During 0 2 


120 




100 




100 




nsec 


tH 


Hold Time From 0 2 (READY, INT, HOLD) 


0 




0 




0 




nsec 


*FD 


Delay to Float During Hold (Address and Data Bus) 




120 




120 




120 


nsec 


*AW 


Address Stable Prior to WR 


[5] 




[5] 




[5] 




nsec 


*DW 


Output Data Stable Prior to WR 


[6] 




[6] 




[6] 




nsec 


tWD 


Output Data Stable From WR 


[7] 




[7] 




[7] 




nsec 


*WA 


Address Stable From WR 


[7] 




[7] 




[7] 




nsec 


tHF 


HLDA to Float Delay 


[8] 




[8] 




[8] 




nsec 


tWF 


WR to Float Delay 


[91 




[9] 




[9] 




nsec 


tAH 


Address Hold Time After DBIN During HLDA,. 


-20 




-20 




-20 




nsec 



Test Condition 



C L =100 pF 
C L = 50 pF 



C L = 50 pF 



C|_= 100 pF: Address, Data 
C L = 50 pF: WR,HLDA,DBIN 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



C L 100 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



D r D 0 - 
SYNC 

DBIN 



A 



A 



DZZT 



jT_ *2Z "jfpATA IN 



r 



DC^* — 



t DSlj*- 



A 



— f 

— *OF-— I 



3 




A 



--'bo— 

30 



DATA OUT 



—I l HS 




NOTE: 

Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V, 
"0" = 1.0V; INPUTS "1" = 3.3V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V. 
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WAVEFORMS (Continued) 



V D 0 1-4.- 1 -(--*- 



/, i in j «- — . - %F "*" 



NOTES: (Parenthesis gives -1, -2 specifications, respectively) 

1. Data input should be enabled with DBIN status. No bus con- 
flict can then occur and data hold time is assured. 

toH = 50 ns or toF. whichever is less. 

2. t C Y = t D3 + t r< £ 2 + + tty2 + t D2 + t r<M » 480 ns ( - 1 :320 
ns, - 2:380 ns). 

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 























^SPEC 













A CAPACITANCE (pf) 
* C ACTUAL ~ C SPEC* 



3. The followrhg are relevant when interfacing the 8080A to 
devices having Vm = 3.3V: 

a) Maximum output rise time from ,8V to 3.3V = 100ns @ Cl 
= SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ C L 
= SPEC. 

c) If C L = SPEC, add .6ns/pF if C L > C S pec subtract .3ns/pF 
(from modified delay) if Cl < Cspec- 

4. tAW = 2 tcy- trj3 - t r ^2 - 140 ns ( - 1 :1 10 ns, - 2:130 ns). 

5. tow * *cy ~ *D3 ~ ^2 - 170 ns ( - 1 :150 ns, - 2:170 ns). 

6. If not HLDA, twD = twA = tD3 + tr<j>2 + 10 ns. If HLDA, twD 
= twA " *WF- 

7. t HF = t D 3 + t r ^2 -50 ns). 

8. twF = tb3 + k<f>2 - 10ns. 

9. Data in must be stable for this period during DBIN T 3 . 
Both tpsi and tos2 must be satisfied. 
Ready signal must be stable for this period during T 2 or Tw- 
(Must be externally synchronized.) 
Hold signal must be stable for this period during T 2 or Tw 
when entering hold mode, and during T3, T4, T5 and Twh 
when in hold mode. (External synchronization is not re- 
quired.) 

Interrupt signal must be stable during this period of the last 
clock cycle of any instruction in order to be recognized on the 
following instruction. (External synchronization is not re- 
quired.) 

This timing diagram shows timing relationships only; it does 
not represent any specific machine cycle. 



10. 



11 



12. 



13, 
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INSTRUCTION SET 

The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 

Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 

The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 



increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre-. 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 

Input and output may be accomplished using memory ad- 
dresses as l/O'ports or the directly addressed I/O provided 
for in the 8080A instruction set. 

The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro- 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 



Data and Instruction Formats 

Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 
same format, 

D 7 D 6 D 5 D 4 D3 D2 Pi Dp 
DATA WORD 

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 



One Byte Instructions • 








TYPICAL INSTRUCTIONS 


D 7 D 6 D5D4 D 3 D 2 




Do 


OP CODE 


Register to register, memory refer- 


Two Byte Instructions 








ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 


D 7 D 6 D 5 D 4 D 3 D 2 


Dl 


Do 


OPCODE 




D 7 D 6 D 5 D 4 D 3 D 2 


D1 


Do 


OPERAND 


Immediate mode or I/O instructions 


Three Byte Instructions 










D 7 D 6 D 5 D 4 D 3 D 2 


D1 


Do 


OP CODE 


Jump, call or direct load and store 


D 7 D 6 D 5 D 4 D 3 D 2 


Dl 


Do 


LOW ADDRESS OR OPERAND 1 


instructions 


D 7 D 6 D 5 D 4 D 3 D 2 


.Dl 


Do 


HIGH ADDRESSOR OPERAND 2 





For the 8080A a logic "1" is defined as a high level and a logic "0" is defined as a low level. 
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Table 2i Instruction Set Summary 























Clock* 






Instruction Code [1] 




Operations 


Cycles 


Mnemonic 


D7 De D 5 D 4 D3 D2 D1 Dq 


Description 


[2] 


MOVE, LOA 


0, AND STORE' 












MOVr1,r2 


0 


1 


D 


D 


D 


S 


s 


s 


Move register to register 


5 


MOV M,r 


9 


1 


1 


1 


0 


s 


s 


s 


Move register to 






















memory 


7 


MOV r,M 


0 


1 


D 


D 


D 


1 


1 


0 


Move memory to regis- 






















ter 


7 


MVI r 


0 


0 


D 


D 


D 


1 


1 


0 


Move immediate regis- 






















ter 


7 


MVIM 


0 


0 


1 


1 


0 






0 


Move immediate 






















memory 


10 


LXIB 


0 


0 


0 


0 


0 


0 


0 


1 


Load immediate register 


10 




















PairB&C 




LXID 


0 


0 


0 


1 


0 


0 






Load immediate register 


10 




















PairD&E 




LXIH 


0 


0 


1 


0 


0 


0 






Load immediate register 


10 




















Pair H & L 




STAXB 


0 


0 


0 


0 


0 


0 


■j 


0 


Store A indirect 


7 


STAXD 


0 


0 


0 


1 


0 


Q 


1 


0 


Store A indirect 


7 


LDAXB 


0 


0 


0 


0 


1 


0 


] 




Load A indirect 


7 


LOAXD 


0 


0 


0 


1 


1 






Q 


Load A indirect 


7 


STA 


0 


0 


1 


1 


6 


0 




0 


Store A direct 


13 


LDA 


0 


0 


1 


1 


1 


0 


■J 


Q 


Load A direct 


13 


SHLD 


0 


0 


1 


0 


0 


0 


•J ' 


g 


Store H & L direct 


16 


LHLD 


0 


0 


1 


0 


1 


0 


1 


0 


Load H & L direct 


16 


XCHG 




1 


1 


0 


1 


Q 


-] 


1 


Exchange 0 & E, H & L 


4 




















Registers 




STACK OPS 




















PUSHB 




1 


0 


0 


0 


1 


0 


■J 


Push register Pair B & 


11 




















C on stack 




PUSH D 




1 


0 


1 


0 


■J 


0 


■( 


Push register Pair D & 


11 




















E on stack 




PUSHH 




1 


1 


0 


0 


"I 


X) 


"1 


Push register Pair H & 


11 




















L on stack 




PUSH 




1 


1 


1 


0 


1 


0 


■\ 


Push A and Flags 


11 


PSW 


















on stack 




POPB 




1 


0 


0 


0 








Pop register Pair B & 


10 - 




















C off stack 




POPD 




1 


0 


1 


0 


0 


0 




Pop register Pair D & 


10 




















E off stack 




POPH 




1 


1 


0 


0 


0 


0 


"1 


Pop register Pair H & 


10 




















L off stack 




POP PSW 




1 


1 


1 


0 


0 


Q 


1 


Pop A and Flags 


10 . 




















off stack 




XTHL 




1 


1 


0 


0 


0 


■j 




Exchange top of 


18 




















stack, H & L 




SPHL 






1 


1 


1 


0 


0 


1 


H & L to stack pointer 


5 


LXI SP 


0 


0 


1 


1 


0 


0 


0 


1 


Load immediate stack 


10 




















pointer 




INX SP 


0 


0 


1 


1 


0 


0 


1 


1 


Increment stack pointer 


5 


DCX SP 


0 


0 


1 


1 


1 


0 


1 


1 


Decrement stack 


5 




















pointer 




JUMP 






















JMP 




1 


0 


0 


0 


0 


1 


1 


Jump unconditional 


10 


JC 




1 


0 


1 


1 


0 


1 


0 


Jump on carry 


10 


JNC 




1 


0 


1 


0 


0 


1 


0 


Jump on no carry 


10 


JZ 




1 


0 


0 


1 


0 


1 


0 


Jump on zero 


10 


JNZ 




1 


0 


0 


0 


0 


1 


0 


Jump on no zero 


10 


JP 




1 


1 


1 


0 


0 


1 


0 


Jump on positive 


10 


JM 




1 


1 


1 


1 


0 


1 


0 


Jump on minus 


10 


JPE 




1 


1 


0 


1 


0 


1 


0 


Jump on parity even 


10 



JPO 
PCHL 



CALL 

be 

CNC 

CZ 

CNZ 

CP 

CM 

CPE 

CPO 



RETURN 

RET 

RC 

RNC 

RZ 

RNZ 

RP 

RM 

RPE 

RPO 



RESTART 

RST 



Instruction Code [1] 
D7 D 6 D 5 D4 D3 D2 D1 Dq 



1 1 
1 1 



0 0 0 1 0 
0 10 0 1 



0 0 1 

0 1 1 

0 1 0 

0 0 1 

0 0 0 

1 1 0 

1 1 1 

1 0 

1 0 



1 
1 
1 
1 
1 
1 
1 

1 1 
0 1 



0 1 

1 1 



1 1 
1 1 



1 1 A A A 1 1 1 



INCREMENT AND 



INRr 

DCRr 

INRM 

DCRM 

INXB. 

INXD 

INXH 

DCXB 
DCXD 
DCXH 



ADD 

ADD r 
ADC r 

ADD M 
ADC M 

ADI 
ACI 

DAD B 
DADD 
DADH 
DAD SP 



DECREMENT 

D D D 1 
D D D 1 
110 1 
110 1 
0 0 0 0 



0 0 0 1 0 0 

0 0 1 0 0 0 

0 0 0 0 1 0 

0 0 0 1 1 0 

0 0 10 10 



1 1 

1 1 

1 1 

1 1 



0 0 0 0 s 

0001s 



s s 
s s 



1 0 0 0 0 1 

1 0 0 0 1 1 

1 1 0 0 0 1 

110 0 11 

0 0 0 0 1 0 

0 0 0 1 1 0 

0 0 10 10 

0 0 1110 



Operations 
Description 



Jump on parity odd 
H & L to program 
counter 



Call unconditional 
Call on carry 
Call on no carry 
Call on zero 
Call on no zero 
Call on positive 
Call on minus 
Call on parity even 
Call on parity odd 



Return 
Return 
Return 
Return 
Return 
Return 
Return 
Return 
Return 



on carry 
on no carry „ 
on zero 
on no zero 
on positive 
on minus 
on parity even 
on parity odd 



Restart 



Increment register 
Decrement register 
Increment memory 
Decrement memory 
Increment B & C 
registers 
Increment D & E 
registers 
Increment H & L 
registers 
Decrement B & C 
Decrement D & E 
Decrement H & L 



Add register to A 

Add register to A 

with carry 

Add memory to A 

Add memory to A 

with carry 

Add immediate to A 

Add immediate to A 

with carry 

Add B & C to H & L 

Add D & E to H & L 

Add H & L to H & L . 

Add stack pointer to 

H&L 



Clock 
Cycles 

[2] 



10 
5 



17 
11/17 
11/17 
11/17 
11/17 
11/17 
11/17 
11/17 
11/17 



10 

5/11 
5/11 
5/11 
5/11 
5/11 
5/11 
5/11 
5/11 



11 



5 
5 
10 
10 
5 

5 

5 

5 
5 
5 



4 
4 

7 
7 

7 
7 

10 
10 
10 
10 
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Summary of Processor Instructions (Cont.) 





~T 
















Clock 






Instruction Code [1] 


Operations 


Cycles 


Mnomonic 


D7 D 6 D 5 D4 D3 D 2 D-\ Dq 


Description 


[2] 


SUBTRACT 




















SUB r 


1 


0 


0 1 


0 


s 


s 


s 


Subtract register 
from A 


4 


SBBr 


1 


0 


0 1 


1 


s 


s 


s 


Subtract register from 
A with borrow 


4 


SUB M 


1 


0 


0 1 


0 


1 


1 


0 


Subtract memory 
from A 


7 


SBB M 


1 


0 


0 1 


1 • 


1 


1 


0 


Subtract memory from 
A with borrow 


7 


SUI 


1 


1 


0 1 


0 


1 


1 


0 


Subtract immediate 
from A 


7 


SBI 


1 


1 


a 1 


1 


1 


1 


0 


Subtract immediate 
from A with borrow 


7 


LUUIUAL. 




















ANAr 


1 


0 


1 0 


0 


s 


s 


s 


And register with A 


4 


XRA r 


1 


0 


1 0 


1 


s 


s 


s 


Exclusive Or register 
with A 


4 


ORAr 


1 


0 


1 1 


0 


s 


s 


s 


Or register with A 


4 


CMPr 


1 


0 


1 1 


1 


s 


s 


s 


Compare register with A 


4 


ANAM 


1 


0 


1 0 


0 


1 


1 


0 


And memory with A 


7 


XRA M 


1 


0 


1 0 


1 


1 


1 


0 


Exclusive Or memory 
with A 


7 


ORAM 


1 


0 


1 1 


0 


1 


1 


0 


Or memory with A 


7 


CMPM 


1 


0 


1 1 


1 


1 


1 


0 


Compare memory with 
A 


7 


ANI 


1 


1 


1 0 


0 


1 


1 


0 


And immediate with A 


7 


XRI 


1 


1 


1 0 


1 


1 


1 


0 


Exclusive Or immediate 
with A 


7 


ORI 


1 


1 


1 1 


0 


1 


1 


0 


Or immediate with A 


7 


CPI 


1 


1 


1 1 


1 


1 


1 


0 


Compare immediate 
with A 


7 



ROTATE 

RLC 
RRC 
RAL 

RAR 



SPECIALS 

CMA 
STC 
CMC 
DAA 



Instruction Code 11] 
D7 D6 D5 D 4 D3 D2 D1 D 0 



0 0 
0 0 
0 0 



000111 

0 0 1111 
0 10 111 



0 0 0 1 1 1 1 1 



0 0 

0 0 

0 0 

0 0 



10 1111 
110 111 

111111 

10 0 111 



INPUT/OUTPUT 

IN 1 1 

OUT 1 1 



CONTROL 

El 
Dl 

NOP 
HLT 



NOTES: 

1. DDDor SSS: B=000, C=001, D=010, E=011, H=100, L=101, Memory=110, A=111. 

2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
*AII mnemonics copyright ®lntel Corporation 1977 



0 110 11 
0 10 0 11 



1 1 

1 1 

0 0 

0 1 



1110 11 
110 0 11 
0 0 0 0 0 0 
110 110 



Operations 
Description 



Rotate A left 
Rotate A right 
Rotate A left through 
carry 

Rotate A right through 
carry 



Complement A 
Set carry 

Complement carry 
Decimal adjust A 



Input 
Output 



Enable Interrupts 
Disable Interrupt 
No-operation 
Halt 



Clock 
Cycles 

(2] 



10 
10 
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8-BIT HMOS MICROPROCESSORS 



■ On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 

■ Four Vectored Interrupt Inputs (One is 
Non-Maskable) Plus an 
8080A-Compatible Interrupt 

■ Serial In/Serial Out Port 

■ Decimal, Binary and Double Precision 
Arithmetic 

■ Direct Addressing Capability to 64K 
Bytes of Memory 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 

The Intel® 8085AH is a complete 8 bit parallel Central Processing Unit (CPU) implemented in N-channel, 
depletion load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the8080A 
microprocessor, and it is designed to improve the present 8080A's performance by higher system speed. Its 
high level of system integration allows a minimum system of three IC's [8085AH (CPU), 8156H (RAM/IO) and 
8355/8755A (ROM/PROM/IO)] while maintaining total system expandability. The 8085AH-2 and 8085AH-1 are 
faster versions of the 8085AH. ' 

The 8085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A, thereby offering a high level of system integration: 

The 8085AH uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data 
bus. The on-chip address latches of 8155H/8156H/8355/8755A memory products allow a direct interface with 
the 8085AH. 



Single +5V Power Supply with 10% 
Voltage Margins 

3 MHz, 5 MHz and 6 MHz Selections 
Available 

20% Lower Power Consumption than 
8085A for 3 MHz and 5 MHz 

1.3 fis Instruction Cycle (8085AH); 0.8 
fis (8085AH-2); 0.67 M s (8085AH-1) 

100% Compatible with 8085A 

100% Software Compatible with 8080A 

On-Chip Clock Generator (with 
External Crystal, LC or RC Network) 



t L t 



INTERRUPT CONTROL 



SERIAL I/O CONTROL 



T INTERNAL DATA BUS 




MACHINE 

CYCLE 
ENCODING 



STACK POINTER 



PROGRAM COUNTER 



ADDRESS BUFFER 



3 Z 



DATA/ADDRESS BUFFER 



X1 C 


1 


40 


3 


vcc 


x 2 c 


2 


39 


3 


HOLD 


RESET OUT C 


3 


38 


3 


HLDA 


SOD C 


4 


37 


3 


CLK (OUT) 


SID C 


5 


36 


3 


RESET IN 


TRAP C 


6 


35 


3 


READY 


RST7 5 C 


7 


34 


3 


IO/M 


RST6 5 C 


8 


33 


3 


Si 


RST5 5 C 


9 


32 


3 


RD 


INTR C 






3 


WR 


INTA C 


;> 




3 


ALE 


AD 0 C 


12 


29 


3 


so 


AD! C 


13 


28 


3 


A15 


AD 2 C 


14 


27 


3 


Al4 


AD 3 C 


15 


26 


3 


A13 


AD4 C 


16 


25 


3 


A12 


AD 5 C 


17 


24 


3 


A11 


AD6 C 


18 


23 


3 


A10 


AD 7 C 


19 


22 


3 


A9 


V S S C 


20 


21 


3 


A8 



Figure 1. 8085AH CPU Functional Block Diagram 



Figure 2. 8085AH Pin 
Configuration 



Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 
®INTEL CORPORATION, 1981 
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Table 1. Pin Description 



Symbol 



A8-A15 



AD0--7 



ALE 



S 0 , S-f,and IO/M 



RD 



WR 



Type 



I/O 



Name and Function 



Address Bus: The most significant 
8 bits of the memory address or the 
8 bits of the I/O address, 3-stated 
during Hold and Halt modes and 
during RESET. 



Multiplexed Address/Data Bus: 

Lower 8 bits of the memory address 
(or I/O address) appear on the bus 
during the first clock cycle (T state) 
of a machine cycle. It then becomes 
the data bus during the second and 
third clock cycles. 



Address Latch Enable: It occurs 
during the first clock state of a ma- 
chine cycle and enables the address 
to get latched into the on-chip latch 
of peripherals. The falling edge of 
ALE is set to guarantee setup and 
hold times for the address informa- 
tion. The falling edge of ALE can 
also be used to strobe the status 
information. ALE is never 3-stated. 



Machine Cycle Status: 



IO/M 


Si 


So 


Status 


0 


0 


1 


Memory write 


0 


1 


0 


Memory read 


1 


0 


1 


I/O write 


1 


1 


0 


I/O read 


0 


1 


1 


Opcode fetch 


1 ' 


1 


1 


Opcode fetch 


1 


1 


1 


Interrupt 








Acknowledge 




0 


0 


Halt 




X 


X 


Hold 




x \ 


X 


Reset 



* = 3-state (high impedance) 
X = unspecified 

S-i can be used as an advanced R/W 
status. IO/M, S 0 and Si become 
valid at the beginning of a machine 
cycle and remain stable throughout 
the cycle. The falling edge of ALE 
may be used to latch the state of 
these lines. 



Read Control: A low level on RD 
indicates the selected memory or 
I/O device is to be read and that the 
Data Bus is available for the data 
transfer, 3-stated during Hold and 
Halt modes and during RESET. 



Write Control: A low level on WR 
indicates the data on the Data Bus is 
to be written into the selected 
memory or I/O location. Data is set 
up at the trailing edge of WR. 3- 
stated during Hold and Halt modes 
and during RESET. 





Type 


NsiiMk and Function 


READY 


I 


Ready: If READY is high during a 
read or write cycle, it indicates that 
, the memory or peripherals ready to 
send or receive data. If READY is 
low, the cpu will wait an integral 
number of clock cycles for READY 
to go high before completing the 
read or write cycle. READY must 
conform to specified setup and hold 
times. 


HOLD 




Hold: Indicates that another master 
is r&quesiing ins use 01 ins aouress 
and data buses. The cpu, upon 
receiving the hold request, will 
relinquish the use of the bus as 
soon as the completion of the cur- 
rent bus transfer. Internal process- 
ing can continue. The processor 
can regain the bus only after the 
HOLD is removed. When the HOLD 
is acknowledged, the_Address, 
Data RD, WR, and IO/M lines are 
3-stated. 


HLDA 


0 


Hold Acknowledge: Indicates that 
the cpu has received the HOLD re-* 
quest and that it will relinquish the 
bus in the next clock cycle. HLDA 
goes low after the Hold request is 
removed. The cpu takes the bus one 
half clock cycle after HLDA goes 
low. 


INTR 




Interrupt Request: Is used as a 
general purpose interrupt. It is 
sampled only during the next to the 

la^t rlopk rvrlp of an instruction 

and during Hold and Halt states, if it 
is active, the Program Counter (PC) 
will be inhibited from incrementing 
and an INTA will be issued. During 
this cycle a RESTART or CALL in- 
struction can be inserted to jump to 
the interrupt service routine. The 
INTR is enabled and disabled by 
software. It is disabled by Reset and 
immediately after an interrupt is ac- 
cepted 


Tnta 


0 


Interrupt Acknowledge: Is used in- 
stead of (and has the same timing 
as) RD during the Instruction cycle 
after an INTR is accepted. It can be 
used to activate an 8259A Interrupt 
chip or some other interrupt port. 


RST 5.5 
RST 6.5 
RST 7.5 


i 
i 


Restart Interrupts: These three in- 
puts have the same timing as INTR 
except they cause an internal 
RESTART to be automatically 
inserted 


* 




The priority of these interrupts is 
ordered as shown in Table 2. These 
interrupts have a higher priority 
than INTR. In addition, they may be 
individually masked out using the 
SIM instruction. 
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Table 1. Pin Description (Continued) 



Symbol 



TRAP 



&ESET IN 



Type 



Name and Function 



Trap: Trap interrupt is a non- 
maskable RESTART interrupt. It is 
recognized at the same time as 
INTR or RST 5.5-7.5. It is unaffected 
by any mask or Interrupt Enable. It 
has the highest priority of any inter- 
rupt. (See Table 2 ) 



Reset In: Sets the Program 
Counter to zero and resets the Inter- 
rupt Enable and HLDA flip-flops. 
The data and address buses and the 
control lines are 3-stated during 
RESET and because of the asyn- 
chronous nature of RESET, the pro- 
cessor's internal registers and flags 
may be altered by R ESET with un- 
predictable results. RESET IN is a 
Schmitt-triggered input, allowing 
connection to an R-C network for 
power-on RESET d elay (see F igure 
3). Upon power-up, RESET IN must 
remain low for at least 10 ms after 
minimum Vcc has been reached. 
For proper reset operati on after the 
power-up duration, RESET IN 
should be kept low a minimum of 
three clock periods. The CPU is held 
in the res et condition as long as 
RESET IN is applied. 



Symbol 


Type 


Name and Function 


RESET OUT 


0 


Reset Out: Reset Out indicates cpu 
is being reset. Can be used 
as a system reset. The signal is 
synchronized to the processor 
clock and lasts an integral number 
of clock periods. 


Xf, X2 


I 


X1 and X?: Are connected to a 
crystal, LC, or RC network to drive 
the internal clock generator. X-, can 
also be an external clock input from 
a logic gate. The input frequency is 
divided by 2 to give the processor's 
internal operating frequency. 


CLK 


0 


Clock: Clock output for use as a sys- 
tem clock. The period of CLK is 
twice the X 1( X 2 input period. 


SID 


I 


Serial Input Data Line: The data on 
this line is loaded into accumulator 
bit 7 whenever a RIM instruction is 
executed. 


SOD 


0 


Serial Output Data Line; The out- 
put SOD is set or reset as specified 
by the SIM instruction. 


Vcc 




Power: +5 volt supply. 


v S s 




Ground: Reference. 



Table 2. Interrupt Priority, Restart Address, and Sensitivity 



Name 


Priority 


Address Branched To (1) 
When Interrupt Occurs 


Type Trigger 


TRAP 


1 


24H 


Rising edge AND high level until sampled. 


RST 7.5 


2 


3CH 


Rising edge (latched). 


RST 6.5 


3 


34H 


High level until sampled. 


RST 5.5 


4 


2CH . 


High-level until sampled. 


INTR 


5 


See Note (2). 


High level until sampled. 



NOTES: 

1. The processor pushes the PC on the stack before branching to the indicated address. 

2. The address branched to depends on the instruction provided to the cpu when the interrupt is acknowledged^ 



VccO- 



R1 



TYPICAL POWER-ON RESET RC VALUES* 

R-l =75Kn 
C, * 1 mF 

♦VALUES MAY HAVE TO VARY DUE TO 
APPLIED POWER SUPPLY RAMP UP TIME. 



Figure 3. Power-On Reset Circuit 
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FUNCTIONAL DESCRIPTION 

The 8085AH is a complete 8-bit parallel central pro- 
cessor. It is designed with N-channel, depletion 
load, silicon gate technology (HMOS), and requires 
a single +5 volt supply. Its basic clock speed is 
3 MHz (8085AH), 5 MHz (8085AH-2), or 6 MHz 
(8085AH-1), thus improving on the present 8080A's 
performance with higher system speed. Also it is 
designed to fit into a minimum system of three IC's: 
The CPU (8085AH), a RAM/IO (8156H), and a ROM or 
EPROM/IO chip (8355 or 8755A). 

The 8085AH has twelve addressable 8-bit registers. 
Four of them can function only as two 16-bit register 
pairs. Six others can be used interchangeably as 
8-bit registers or as 1 6-bit register pairs. The 8085AH 
register set is as follows: 

Mnemonic Register Contents 

ACCorA Accumulator 8 bits 

PC Program Counter 16-bit address 

BC.DE.HL General-Purpose 8 bits x 6 or 

Registers; data 1 6 bits x 3 

pointer (HL) 

SP Stack Pointer 16-bit address 

Flags or F Flag Register 5 flags (8-bit space) 

The 8085AH uses a multiplexed Data Bus. The 
address is split between the higher 8-bit Address 
Bus and the lower 8-bit Address/Data Bus. During 
the first T state (clock cycle) of a machine cycle the 
low order address is sent out on the Address/Data 
bus. These lower 8 bits may be latched externally by 
the Address Latch Enable signal (ALE). During the 
rest of the machine cycle the data bus is used for 
memory or I/O data. 

The 8085AH provides RD, WR, S 0 , S^ and IO/M 
signals for b us control. An Interrupt Acknowledge 
signal (INTA) is also provided. HOLD and all Inter- 
rupts are synchronized with the processor's internal 
clock. The 8085AH also provides Serial Input Data 
(SID) and Serial Output Data (SOD) lines for simple 
serial interface. 

In addition to these features, the 8085AH has three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 

INTERRUPT AND SERIAL I/O 

The 8085AH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the 8080A INT Each of the three RE- 
START inputs, 5.5, 6.5, and 7.5, has a programmable 
mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 



The three maskable interrupts cause the internal 
execution of RESTART (saving the program counter 
in the stack and branching to the RESTART address) 
if the interrupts are enabled and if the interrupt mask 
is not set. The nonmaskable TRAP causes the inter- 
nal execution of a RESTART vector independent 
of the state of the interrupt enable or masks. (See 
Table 2.) 

There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level- 
sensitive like INTR (and INT on the 8080) and are 
recognized with the same timing as INTR. RST 7.5 is 
rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an inter- 
nal flip-flop which generates the internal interrupt 
request (a normally high level signal with a low 
going pulse is recommended for highest system 
noise immunity). The RST 7.5 request flip-flop 
remains set until the request is serviced. Then 
it is reset automatically. This flip-flop may also be 
reset by u sing the SIM instruction or by issuing a 
RESET IN to the 8085AH. The RST 7.5 internal flip- 
flop will be set by a pulse on the RST 7.5 pin even 
when the RST 7.5 interrupt is masked out. 

The status of the three RST interrupt mas ks can only 
be affected by the SIM instruction and RESET IN. 
(See SIM, Chapter 5 of the MCS-80/85 User's 
Manual.) 

The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP — 
highest priority, RST 7.5, RST 6.5, RST 5.5, INTR— 
lowest priority. This priority scheme does not take 
into account the priority of a routine that was started 
by a higher priority interrupt. RST 5.5 can interrupt 
an RST 7.5 routine if the interrupts are re-enabled 
before the end of the RST 7.5 routine. 



The TRAP interrupt is useful for catastrophic events 
such as power failure or bus error. The TRAP input is 
recognized just as any other interrupt but has the 
highest priority. It is not affected by any flag or mask. 
The TRAP input is both edge and level sensitive. The 
TRAP input must go high and remain high until it is 
acknowledged. It will not be recognized again until it 
goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 4 
illustrates the TRAP interrupt request circuitry 
within the 8085AH. Note that the servicing of any 
interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) 
disables all future interrupts (except TRAPs) until an 
El instruction is executed. 



( 
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EXTERNAL 
TRAP 

INTERRUPT 
REQUEST 



INSIDE THE 



P4 



INTERRUPT 
REQUEST 



INTERNAL 
TRAP 
ACKNOWLEDGE 



Figure 4. TRAP and RESET IN Circuit 

The TRAP interrupt is special in that it disables inter- 
rupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction follow- 
ing a TRAP interrupt allows you to determine 
Whether interrupts were enabled or disabled prior to 
the TRAP. All subsequent RIM instructions provide 
current interrupt enable status. Performing a RIM 
instruction following INTR, or RST 5.5-7.5 will 
provide current Interrupt Enable status, revealing 
that Interrupts are disabled. See the description of 
the RIM instruction in the MCS-80/85 Family User's 
Manual. 

The serial I/O system is also controlled by the RIM 
and SIM instructions. SID is read by RIM, and SIM 
sets the SOD data. 



Parallel resonance at twice the clock frequency 
desired 

Cl (loac- capacitance) ^ 30 pF 

Cs (shunt capacitance) *s 7 pF 

Rs (equivalent shunt resistance) ^ 75 Ohms 

Drive level: 10 mW 

Frequency tolerance: ±.005% (suggested) 

Note the use of the 20 pF capacitor between X 2 and 
ground. This capacitor is required with crystal fre- 
quencies below 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC circuit 
may be used as the frequency-determining network 
for the 8085AH, providing that its frequency 
tolerance of approximately ±10% is acceptable. The 
components are chosen from the formula: 



f = 



1 



27A/L(C e xt + Gjrit) 

To minimize variations in frequency, it is recom- 
mended that you choose a value for C ex t that is at 
least twice that of Cj n t, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 

An RC circuit may be used as the frequency- 
determining network for the8085AH if maintaining a 
precise clock frequency is of no importance. Var- 
iations in the on-chip timing generation can cause a 
wide variation in frequency when using the Rp 
mode. Its advantage is its low component cost. The 
driving frequency generated by the circuit shown is 
approximately 3 MHz. It is not recommended that 
frequencies greatly higher or lower than this be 
attempted. 



DRIVING THE X 1 AND X 2 INPUTS 

You may drive the clock inputs of the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 
hence, the 8085AH is operated with a 6 MHz crystal 
(for 3 MHz clock), the 8085AH-2 operated with a 10 
MHz crystal (for 5 MHz clock), and the 8085AH-1 can 
be operated with a 12 MHz crystal (for 6 MHz clock). 
"If a crystal is used, it must have the following 
characteristics: 



Figure 5 shows the recommended clock driver cir- 
cuits. Note in D and E that pullup resistors are re- 
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level voltage 
of 0.8V. 

" For driving frequencies up to and including 6 MHz 
you may supply the driving signal to X-j and leave X 2 
open-circuited (Figure 5D). If the driving frequency 
is from 6 MHz to 12 MHz, stability of the clock 
generator will be improved by driving both X-, and X 2 
with a push-pjjll source (Figure 5E). To prevent 
self-oscillation of the 8085AH, be sure that X 2 is not 
coupled back to X 1 through the driving circuit, 
t 
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I 1 



20pp"y 



I C|nt 
_L »15pF 



.{p ! 



*20 pF CAPACITORS REQUIRED FOR 
CRYSTAL FREQUENCY « 4 MHz ONLY. 

a. Quartz Crystal Clock Driver 



-cp — 

1 



l-EXT *T* C EX T 



1 



C|NT 
. -15pF 



I 



b. LC Tuned Circuit Clock Driver 



^ 20pF^ 



2 

-L> 



c. RC Circuit Clock Driver 



470O 
TO < 

1Kft < 



LOW TIME > 60 ns 



*X 2 LEFT FLOATING 

d. 1-6 MHz Input Frequency External Clock 
Driver Circuit 



LOWTIME>40ns 



-O 



e. 1-12 MHz Input Frequency External Clock 
Driver Circuit 



Figure 5. Clock Driver Circuits 



GENERATING AN 8085AH WAIT STATE 



If your system requirements are such that slow 
memories or peripheral devices are being used, the 
circuit shown in Figure 6 may be used to insert one 
WAIT state in each 8085AH machine cycle. 



The D flip-flops should be chosen so that 

• CLK is rising edge-triggered 

• CLEAR is low-level active. 



I 








CLEAR 


8085AH 






TO 

8085AH 


CLK 


CLK OUTPUT* — - 


CLK 




"D" 




"D" 




READY 


F/F 


Q 


F/F 


Q 


INPUT 


D 




D 







*ALE AND CLK (OUT) SHOULD BE BUFFERED IF CLK INPUT OF LATCH 
EXCEEDS 8085AH IOL OR IOH. 



Figure 6. Generation of a Wait State for 8085AH 
CPU 



\ 
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/L. 

f Am 



f. ADO-7 
\T- — 



7Y 



7% 



8156H 

[RAM + I/O + COUNTER/TIMER] 



•NOTE OPTIONAL CONNECTION 



A8- 



-vw-*v cc 
-vw — *-v cc 



SdiowclkrstIrdy 



8355 [ROM + I/O] 
OR 

8755A [PROM + I/O] 



Figure 8. MCS-85® Minimum System (Memory Mapped I/O) 



TRAP 
RST7 
RST6 
RST5 
INTR 

iroTA 

ADDR 



HOLD 
HLDA 
SOD 



RESET - 

ADDR/ OUT a 0 

DATA ALE RD'WR IO/M RDYCLK 




CLK 
RESET 
IO/M (CS) 

Wr 



DATA 
STANDARD 



control: 

0 



-AM — +- v cc 



Figure 9. MCS-85® System (Using Standard Memories) 
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1 1 





TRAP 


X, x 2 


RESET IN 

HOLD 






RST7.5 




HLDA 






RST6.5 


8085 


AH 






RST5.5 




SID 






INTR 
THIS. 
ADDR 


ADDR/ 

DATA ALE RB 


S, 

RESET - 
OUT S 0 
WR lO/ffl RDY CLK 





7v 



c 



c 



_L_L 



PORT 
B 8158H 



-\ DATA/ 
ADDR 



too 



IO/W TIMER - 

OtCCT OUT" 



•NOTE OPTIONAL CONNECTION 



Jow 

RD ' 
ALE 
Cf 
A 8-10 

8355/ 
8755A 

DATA/ 
ADDR 

io/fii | 

RESET 
RDY 
CLK 



;<a> 



TTT 

V S S V CC V OD PROG 
WV V CC 



-vw 



As in the 8080, the READY line is used to extend the 
read and write pulse lengths so that the 8085AH can 
be used with slow memory. HOLD causes the CPU to 
relinquish the bus when it is through with it by float- 
ing the Address and Data Buses. 

SYSTEM INTERFACE 

The 8085AH family includes memory components, 
which are directly compatible to the 8085AH CPU. 
For example, a system consisting of the three chips, 
8085AH, 8156H, and 8355 will have the following 
features: 

• 2K Bytes ROM 

• 256 Bytes RAM 

• 1 Timer/Counter 

• 4 8-bit I/O Ports 

• 1 6-bit I/O Port 

• 4 Interrupt Levels 

• Serial In/Serial Out Ports 

This minimum system, using the standard I/O tech- 
nique is as shown in Figure 7. 

In addition to standard I/O, the memory mapped I/O 
offers an efficient I/O addressing technique. With 
this technique, an area of memory address space is 
assigned for I/O address, thereby, using the memory 
address for I/O manipulation. Figure 8 shows the 
system configuration of Memory Mapped I/O using 
8085AH. 

The 8085AH CPU can also interface with the stan- 
dard memory that does not have the multiplexed 
address/data bus. It will require a simple 8212 (8-bit 
latch) as shown in Figure 9. 

\ 



Figure 7. 8085AH Minimum System (Standard I/O 
Technique) 
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BASIC SYSTEM TIMING 

The 8085AH has a multiplexed Data Bus. ALE is used 
as a strobe to sample the lower 8-bits of address on 
the Data Bus. Figure 10 shows an instruction fetch, 
memory read and I/O write cycle (as would occur 
during processing of the OUT instruction). Note that 
during the I/O write and redd cycle that the I/O port 
address is copied on both the upper and lower half 
of the address. 

There are seven possible types of machine cycles. 
Which of these seven takes place _is defined by the 
status of the three status l ines (IO/ M, S 1t So) and the 
three control signals (RD, WR, and INTA). (See Table 
3.) The status lines can be used as advanced con- 
trols (for device selection, for example), since they 
become active at the Ti state, at the outset of each 
machine cycle: Control lines RD and WR become 
active later, at the time when the transfer of data is to 
take place, so are used as command lines. 

A machine cycle normally consists of three T states, 
with the exception of OPCODE FETCH, which nor- 
mally has either four or six T states (unle ss WAIT or 
HOLD states are forced by the receipt of READY or 
HOLD inputs). Any T state must be one of ten 
possible states, shown in Table 4. 



Table 3. 8085AH Machine Cycle Chart 



MACHINE CYCLE 


STATUS 


CON 


TROI 




IO/M 


SI 


SO' 


RD 


WR 


INTA 


OPCODE FETCH 


(OF) 




0 


1 




0 


1 


1 


MEMORY READ 


(MR) 




0 


,1 




0 


1 


1 


MEMORY WRITE 


(MW) 




0 


0 




1 


0 


1 


I/O READ 


(IOR) 




1 


1 




0 


1 


1 


I/O WRITE 


(IOW) 




1 


0 




1 


0 


1 


ACKNOWLEDGE 


















OF INTR 


UNA) 




1 


1 




1 


1 


0 


BUS IDLE 


(Bl) 


DAD 
ACK OF 
RST.TRAP 


0 
1 


1 
1 




1 
1 


1 
1 


1 
1 






HALT 


TS 


0 


0 


TS 


TS 


1 



Table 4. 8085AH Machine State Chart 





Status & Buses 


Control 


Machine 
















State 


S1,S0 


IO/M 


A 8 -Ai5 


AD 0 -AD 7 


RD,WR 


IIMTA 


ALE 


Ti 


X 


X 


X 


X 


1 


1 , 


1* 


T 2 


X 


X 


X 


X 


X 


X 


0 


T WAIT 


X 


X 


X 


X 


X 


X 


0 


T 3 


X 


X 


X 


X 


X 


X 


0 


T 4 


1 


0 t 


X 


TS 


1 


1 


0 


T 5 


1 


0t 


X 


TS 


1 


1 


0 


T 6 


1 


0t 


X 


TS 


1 ' 


1 


0 


T RESET 


X 


TS 


TS 


TS 


TS 


1 


0 


Thalt 


0 


TS 


TS 


TS 


TS 


1 


0 


Thold 


X 


TS 


TS 


TS 


TS 


1 


0 



0 = Logic "0" TS = High Impedance 

1 = Logic "1" X = Unspecified 

* ALE not generated during 2nd and 3rd machine cycles of DAD instruction 
t IO/M = 1 during T4-T6 of INA machine cycle 



PC H (HIGH ORDER ADDRESS) 



(LOWC Dnco 
ADDF 



(LOW ORDER DATA FROM 

ADDRESS) MEMORY 

(INSTRUCTION) 



StSq (FETCH) 



X 



n 



DATA FROM MEMORY 
(I/O PORT ADDRESS) 



~\ F 



X 



x: 



x 



DATA TO MEMORY 
OR PERIPHERAL 



~\ f 



I 



X 



Figure 10. 8085AH Basic System Timing 
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ABSOLUTE MAXIMUM RATINGS* 

* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature , . . . -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5^ Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 

8085AH, 8085AH-2: ,(T A = 0°C to 70°C, V cc = 5V ±10%, V ss =0V; unless otherwise specified)* 
8085AH-1 : (T A = 0°C to 70°C, V cc = 5V ±5%, V S s = 0V; unless otherwise specified) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+0.8 


V 




V| H 


Input High Voltage 


2.0 


V CC +05 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2mA 


V 0 H 


Output High Voltage 


2.4 




V 


Iqh = -400/xA 


■cc 


Power Supply Current 




135 


mA 


8085AH, 8085AH-2 




200 


mA 


8085AH-1 (Preliminary) 


IlL 


input Leakage 




±10 


fiA 


0*sV, N ^V cc 


Ilo 


Output Leakage 




±10 


(jlA 


0.45V ^ V 0U T < V CC 


V,LR 


Input Low Level, RESET 


-0.5 


+0.8 


V 




V| H R 


Input High Level, RESET 


2.4 


V CC +0-5 


V 




V H Y 


Hysteresis, RESET 


0.15 




V 





A.C. CHARACTERISTICS 

8085AH, 8085AH-2: (T A = 0°C to 70°C, V CC = 5V ±10%, V ss = OV)* 
8085AH-1 : (T A = 0°C to 70°C, V C c = 5V ±5%, V S s = 0V) 



Symbol 


Parameter 


8085AH [2] 
(Pinal) 


8085AH-2 [2] 
(Final) 


8085AH-1 
(Preliminary) 


Units 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tCYC 


CLK Cycle Period 


320 


2000 


200 


2000 


167 


2000 


ns 


tl . 


CLK Low Time (Standard CLK Loading) 


80 




40 




20 




ns 


t 2 


CLK High Time (Standard CLK Loading) 


120 




70 




50 




ns 


tr-tf 


CLK Rise and Fall Time 




30 




30 




30 


ns 


*XKR 


X-| Rising to CLK Rising 


20 


120 


20 


100 


20 


100 


ns 


*XKF 


X 1 Rising to CLK Falling 


20 


150 


20 


110 


20 


110 


ns 


tAC 


Ae-15 Valid to Leading Edge of Control 111 


270 




115 




70 




ns 


UCL 


Ag-7 Valid to Leading Edge of Control 


240 




115 




60 




ns 


Ud 


A 0 _i 5 Valid to Valid Data in 




575 




350 




225 


ns 


Ufr 


Address Float After Leading Edge of 
READ (INTA) 




0 




0 




0 


ns 


tAL 


Aq.15 Valid Before Trailing Edge of ALE 113 


115 




50 




.25 




ns 



*Note: For Extended Temperature EXPRESS use M8085AH Electricals Parameters. 
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A.C. CHARACTERISTICS (Continued) 



Symbol 


Parameter 


8085AH C2] 
(Final) 


8085AH-2 [21 
(Final) 


8085AH-1 
(Preliminary) 


Units 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


t^LL 


A0.7 Valid Before Trailing Edge of ALE 


90 




50 




25 




ns 


*ARY 


READY Valid from Address Valid 




220 




100 




40 


ns 


tCA 


Address (Ae-15) Valid After Control 


120 




60 




30 




ns 


*cc 


Width of Control Low (ED, WR, INTa") 
Edge of ALE 


400 




230 




150 




ns 




Trailing Edge of Control to Leading Edge 
of ALE 


50 




25 




0 




ns 


tow 


Data Valid to Trailing Edge of WRITE 


420 




230 




140 




ns 


*HABE 


HLDA to Bus Enable 




210 




150 




150 


ns 


*HABF 


Bus Float After HLDA 




210 




150 




150 


ns 


tfHACK 


HLDA Valid to Trailing Edge of CLK 


110 




40 




0 




ns 


*HDH 


HOLD Hold Time 


0 




0 




0 




ns 


*HDS 


HOLD Setup Time to Trailing Edge of CLK 


170 




120 




120 




ns 


t|NH 


INTR Hold Time 


0 




0 




0 




ns 


t|NS 


INTR, RST, and TRAP Setup Time to 
Falling Edge of CLK 


160 




150 




150 




ns 


tLA 


Address Hold Time After ALE 


100 




50 




20 




ns 


*LC 


Trailing Edge of ALE to Leading Edge 
of Control 


130 




60 




25 




ns 


*LCK 


ALE Low During CLK High 


100 




50 




15 




ns 


t|_DR 


ALE to Valid Data During Read 




460 




270 




175 


ns 


*LDW 


ALE to Valid Data During Write 




200 




140 




110 


ns 


t|_i_ 


ALE Width 


140 




80 




50 




ns 


*LRY 


ALE to READY Stable 




110 




30 




10 


ns 


*RAE 


Trailing Edge of READ to Re-Enabling 
of Address 


150 




90 




50 




ns 


*RD 


FTEAB (or INTS) to Valid Data 




300 




150 




75 


' ns 


*RV 


Control Trailing Edge to Leading Edge 
of Next Control 


400 




220 




160 




ns 


tRQH 


Data Hold Time After ReTO fFTTR 


0 




0 




0 




ns 


tRYH 


READY Hold Time 


0 




0 




5 




ns 


*RYS 


READY Setup Time to Leading Edge 
of CLK 


110 




100 




100 




ns 


t WD 


Data Valid After Trailing Edge of WRITE 


100 




60 




30 




ns 


*WDL 


LEADING Edge of WRITE to Data Valid 




40 




20 




30 


ns 
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NOTES: 

1. Ag-A-15 address Specs apply IO/Fi/f, So, and S-| except Aq-A^ 
are undefined during T 4 -T 6 of OF cycle whereas IO/M, So, and 
S-| are stable. 

2. Test Conditions: t CY c = 320 ns (8085AH)/200 ns (8085AH-2);/ 
167 ns (8085AH-1); C L = 150 pF. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



^> TEST POINTS <^ 




AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1 
AND 0 8V FOR A LOGIC 0 



3. For all output timing where Ct ¥ 150 pF use the following 
correction factors: 

25 pF C L < 150 pF: -0.10 ns/pF 
150 pF < C|_ « 300 pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 

5. To calculate timing specifications at other values of t C yc use 
Table 5. 

A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



1 



150 pF 



C L = 150 pF 

C u INCLUDES JIG CAPACITANCE 



Table 5. Bus Timing Specification as a T CY c Dependent 



Symbol 


8085AH 


8085AH-2 


8085AH-1 




tAL 


(1/2) T - 45 


(1/2) T - 5G 


(1/2) T - 58 


Minimum 


t|_A 


(1/2) T - 60 


(1/2) T - 50 


(1/2) T- 63 


Minimum 


tLL 


(1/2) T- 20 


(1/2) T - 20 


(1/2) T - 33 


Minimum 


t|_CK 


(1/2) T - 60 


(1/2) T- 50 


(1/2) T - 68 


Minimum 


tLC 


(1/2) T - 30 


(1/2) T- 40 


(1/2) T- 58 


Minimum 


*AD 


(5/2 + N) T - 225 


(5/2 + N)T - 150 


(5/2 + N)T-192 


Maximum 


*RD 


(3/2 + N)T - 180 


(3/2 + N)T-150 


(3/2 + N)T-175 


Maximum 


*RAE 


(1/2) T- 10 


(1/2) T- 10 


(1/2) T - 33 


Minimum - 


tCA 


(1/2) T - 40 


(1/2) T - 40 


(1/2) T- 53 


Minimum 


tpw 


(3/2 + N) T - 60 


(3/2 + N) T - 70 


(3/2 + N)T - 110 


Minimum 




(1/2) T - 60 


(1/2JT-40 


(1/2) T- 53 


Minimum 


tec 


(3/2 + N) T - 80 


(3/2 + N) T - 70 . 


(3/2 + N)T - 100 


Minimum 


tCL 


(1/2) T - 110 


(1/2)T-75 


(1/2) T - 83 


Minimum 


*ARY 


(3/2) T - 260 


(3/2) T - 200 


(3/2) T - 210 


Maximum 


*HACK 


(1/2) T - 50 


' (1/2) T - 60 


(1/2) T- 83 


Minimum 


*HABF 


(1/2) T + 50 


(1/2)T + 50 


(172) T + 67 


Maximum 


tHABE 


(1/2) T + 50 


(1/2)T + 50 


(1/2) T + 67 


Maximum 


tAC 


(2/2) T - 50 


(2/2) T - 85 


(2/2) T - 97 


Minimum 


tl 


(1/2) T - 80 


(1/2) T - 60 


(1/2) T - 63 


Minimum 


t2 


(1/2) T- 40 


(1/2) T- 30 


(1/2) T- 33 


Minimum 


*RV 


(3/2) T - 80 


(3/2) T- 80 


(3/2) T - 90 


Minimum 


*LDR 


(4/2) T - 180 


(4/2) T - 130 


(4/2) T - 159 


Maximum 



NOTE: ' N is equal to the total WAIT states. T = t CY c- 
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WAVEFORMS (Continued) 

READ OPERATION WITH WAIT CYCLE (TYPICAL) — SAME READY TIMING APPLIES 





' \ 

— *LCK -»- 


\ 


\ * 


f \ i 


\ / 

t CA -^1 




ADDRESS 












s 

— t AD 




<RDH *■ 


*RAE ► 

:> — 






ADDRESS 


5 < 




; /////> 


DATA IN 


( 




•* 'la ► 

l AFR -» 


f 

*LDR 












\ 




t R0 

t cc 










- I | 


<LC — 

•* *LRY " 

AC ► 

*ARY 


V 

1, 

■»< *RYS 




*RYM 






mum 


/ 



NOTE 1 READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES 



INTERRUPT AND HOLD 




2-22 



AFN-01835C 



inter 



8085AH/8085AH-2/8085AH-1 



Table 6. Instruction Set Summary 









Instruction Code 




Operations 


Mnemonic 


D 7 D 6 D 5 


P 4 D 3 D 2 Di D 0 


Do script ion 


MOVE, LOAD, AND STORE 












MOVrl r2 


0 


1 


D 


D 


D 


s 


s 


s 


Move register to register 


MOV M.r 


0 


1 


1 


1 


0 


s 


s 


s 


Move register to memory 


MOV r.M 


0 


1 


D 


D 


D 


1 


1 


0 


Move memory to register 


MVI r 


0 


0 


D 


D 


D 


1 


1 


o 


Move immediate register 


MVI M 


0 


0 


1 


1 


0 


1 


1 


o 


Move immediate memory 


LXI B 


0 


0 


0 


0 


o 


o 


o 


1 


Load immediate register 




















Pair B & C 


LXI D 


0 


0 


0 


1 


0 


o 


o 


1 


Load immediate register 




















Pair D & E 


LXI H 


0 


0 


1 


0 


o 


o 


o 


1 


Load immediate register 




















Pair H & L 


STAX B 


0 


0 


0 


0 


0 


o 


1 


o 


Store A indirect 


STAX D 


0 


0 


0 


1 


0 


0 


1 


o 


OlUlt? r\ IllVllltfUl 


LDAX B 


0 


0 


0 


0 


1 


o 


1 


o 


Load A indirect 


LDAX D 


0 


0 


0 


1 


1 


o 


1 


o 


Load A indirect 


STA 


0 


0 


1 


1 


0 


o 


1 


o 


Store A direct 


LDA 


0 


0 


1 


1 


1 


o 


1 


o 


Load A direct 


sHld 


0 


0 


1 


0 


o 


o 


1 


o 


Store H & L direct 


LHLD 


0 


0 


1 


0 


1 


0 


1 


o 


Load H & L direct 


XCHG 


1 


1 


, 1 


0 


1 


o 


1 


1 


Exchange D & E, H & L 




















Registers 


STACK OPS 




















PUSH B 


1 


1 


0 


0 


0 


1 


0 


1 


Push register Pair B & 




















C on stack 


PUSH D 


1 


1 


0 


1 


0 


1 


0 


1 


Push register Pair D & 




















E on stack 


PUSH H 


1 


1 


1 


0 


o 


1 


o 


1 


Push register Pair H & 




















L on stack 


PUSH PSW 


1 


1 


1 


1 


o 


1 


o 


1 


Push A and Flags 




















on stack 


POP B 


1 


1 


0 


0 


o 


o 


0 


1 


Pop register Pair B & 




















C off stack 


POP D 


1 


1 


0 


1 


o 


o 


o 


1 


Pop register Pair D & 




















E off stack 


POP H 


1 


1 


1 


0 


o 


o 


o 


1 


Pop register Pair H & 




















L off stack 


POP PSW 


1 


1 


1 


1 


o 


o 


o 


1 


Pop A and Flags 




















off stack 


XTHL 


1 


1 


1 


0 


0 


0 


1 


1 


Exchange top of 




















stack, H & L 


SPHL 


1 


1 


1 


1 


1 


o 


o 


1 


H & L to stack pointer 


LXI SP 


0 


0 


1 


1 


o 


o 


o 


1 


Load immediate stack 




















pointer 


INX SP 


0 


0 


1 


1 


0 


0 


1 


1 


Increment stack pointer 


DCX SP 


0 


0 


1 


1 


1 


0 


1 


1 






















pointer 


JUMP 




















JMP 


1 


1 


0 


0 


0 


0 


1 


1 


Jump unconditional 


JC 


1 


1 


0 


1 


1 


0 


1 


0 


Jump on carry 


JNC 


1 


1 


0 


1 


0 


0 


1 


0 


Jump on no carry 


JZ 


1 


1 


0 


0 


1 


0 


1 


0 


Jump on zero 


JNZ 


1 


1 


0 


0 


0 


0 


1 


0 


Jump on no zero 


JP 


1 


1 


1 


1 


0 


0 


1 


0 


Jump on positive 


JM 


1 


1 


1 


1 


1 


0 


1 


0 


Jump on minus 


JPE 


1 


1 


1 


0 


1 


0 


1 


0 


Jump on parity even 


JPO 


1 


1 


1 


0 


0 


0 


1 


0 


Jump on parity odd 


PCHL 


1 


1 


1 


0 


1 


0 


0 


1 


H & L to program 




















counter 


CALL 




















CALL 


1 


1 


0 


0 


1 


1 


0 


1 


Call unconditional 


CC 


1 


1 


0 


1 


1 


1 


0 


0 


Call on carry 


CNC 


1 


1 


0 


1 


0 


1 


0 


0 


Call on no carry 









Instruction Code 




Operations 


Mnemonic 


D7 D 6 D 5 D 4 D3 D 2 D 1 


Do 


Description 


CZ 




1 


0 


0 


1 


1 


0 


0 


Call on zero 


CNZ 




1 


0 


0 


0 


1 


0 


0 


Call on no zero 


CP 




1 


1 


1 


0 


1 


0 


0 


Call on positive 


CM 




1 


1 


1 


1 


1 


0 


0 


Call on minus < 


CPE 




1 


1 


0 


1 


1 


0 


0 


Call on parity even 


CPO 




1 


1 


9 


0 


1 


Q 


Q 


Call on Daritv odd 


RETURN 




















RET 




1 


0 


0 


1 


0 


0 


1 


Return 


RC 




1 


0 


1 


1 


0 


0 


0 


Return on carry 


RNC 




1 


0 


1 


0 


0 


0 


0 


Return on no carry 


RZ 




1 


0 


0 


1 


0 


0 


0 


Rsturn on zero 


RNZ 




1 


0 


0 


0 


0 


0 


0 


Return on no zero 


RP 




1 


1 


1 


0 


0 


0 


0 


Return on positive 


RM 




1 


1 


1 


1 


0 


0 


0 


Return on minus 


RPE 




1 


1 


0 


1 


0 


0 


0 


Return on parity even 


RPO 




1 


1 


0 


0 


0 


0 


0 


Return on parity odd 


RESTART 




















RST 




1 


A 


A 


A 


1 


1 




Restart 


INPUT/OUTPUT 


















IN 




1 


0 


1 


1 


0 


1 




Input 


OUT 




1 


0 


1 


0 


0 


1 


1 


Output 


INCREMENT AND DECREMENT 








INR'r 


0 


0 


D 


D 


D 


1 


0 


0 


Increment register 


DCR r 


0 


0 


D 


D 


D 


1 


0 


1 


Decrement register 


INRM 


0 


0 


1 


1 


0 


1 


0 


0 


Increment memory 


DCR M 


0 


0 


1 


1 


0 


1 


0 


1 


Decrement memory 


INX B 


0 


0 


0 


0 


0 


0 


1 


1 


Increment B & C 
registers 


INXD 


0 


0 


0 


1 


0 


0 


1 


1 


Increment D & E 
registers 


INXH 


0 


0 


1 


0 


0 


0 


1 


1 


Increment H & L 
reg isters 


DCX B 


0 


0 


0 


0 


1 


0 


1 


1 


Decrement B & C 


DCXD 


0 


0 


0 


1 


1 


0 


1 


1 


Decrement D & E 


DCX H 


0 


0 


1 


0 


1 


0 


1 


1 


Decrement H & L 


ADD 




















ADD r 


1 


0 


0 


0 


0 


s 


s 


s 


Add register to A 


ADC r 


1 


0 


0 


0 


1 


s 


s 


s 


Add register to A 
with carry 


ADD M 


1 


0 


c 


0 


0 


1 


1 


0 


Add memory to A 


ADC M 


1 


0 


0 


0 


1 


1 


1 


0 


Add memory to A 
with carry 


ADI 


1 


1 


0 


0 


0 


1 


1 


0 


Add immediate to A 


ACI 


1 


1 


0 


0 


1 


1 


1 


0 


Add immediate to A 
with carry 


DAD B 


0 


0 


0 


0 


1 


0 


0 


1 


Add B & C to H & L 


DADD 


0 


0 


0 


1 


1 


0 


0 


1 


Add D & E to H & L 


DADH 


0 


0 


1 


0 


1 


0 


0 


1 


Add H & L to H & L 


DAD SP 


0 


0 


1 


1 


1 


0 


0 


1 


Add stack pointer to 
H & L 


SUBTRACT 




















SUB r 


1 


0 


0 


1 


0 


s 


s 


s 


Subtract register 
from A 


SBB r 


1 


0 


0 


1 


1 


s 


s 


s 


Subtract register from 
A with borrow 


SUBM 


1 


0 


0 


1 


0 


1 


1 


0 


Subtract memory 
from A 


SBB M 


1 


0 


0 


1 


1 


1 


1 


0 


Subtract memory from 
A with borrow 


SUI 


1 


1 


0 


1 


0 


1 


1 


0 


Subtract immediate 
from A 


SBI 


1 


1 


0 


1 


1 


1 


1 


0 


Subtract immediate 
from A with borrow 
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Table 6. Instruction Set Summary (Continued) 







Instruction Code 




Operations 


Mnemonic 


D7 D 6 


D5 


D4 D3 D 2 D-\ D 0 


Description 


LOGICAL 


















ANA r 


1 0 


1 , 


0 


0 


s 


s 


s 


And register with A 


XRAr 


1 , 0 


1 


0 


1 


s 


s 


s 


Exclusive OR register 
with A 


ORA r 


1 0 


1 


1 


0 


s 


s 


s 


OR register with A 


CMP r 


1 " 0 


1 






s 




g 


Compare register with A 


ANAM 


1 0 


1 


0 


0 


1 


1 


0 


And memory with A 


XRAM 


1 .0 


1 


0 


1 


1 


1 


0 


Exclusive OR memory 
with A 


ORAM 


1 0 


1 


1 


0 


1, 


1 


0 


OR memory with A 


CMPM 


1 0 


1 


1 


1 


1 


1 


0 


Compare 
memory with A 


ANI 


1 1 


1 


0 


0 


1 


1 


0 


And immediate with A 


XRI 


1 1 


1 


0 


1 


1 


1 


0 


Exclusive OR immediate 
with A 


ORI 


1 1 


1 


1 


0 


1 


1 


0 


OR immediate with A 


CPI 


1 1 


1 


1 


1 


1 


1 


0 


Compare immediate 
with A 


ROTATE 


















RLC 


0 0 


0 


0 


0 


1 


1 


1 


Rotate A left 


RRC 


0 0 


0 


0 


1 


1 


1 


1 


Rotate A right 


RAL 


0 0 


0 


1 


0 


1 


1 


1 


Rotate A left through 
carry 


RAR 


0 0 


0 


1 


1 


1 


1 


1 


Rotate A right through 
carry 



Mnemonic 


Instruction Code 
D 7 D 6 D 5 D 4 D 3 D 2 t>1 D 0 


OnAratlAiift 
wfjvratiufis 

Description 


SPECIALS 
CMA 

* 

STC 
CMC 

DAA 


0 0 10 1111 

0 0 110 111 
0 0 111111 

0 0 1 0 0 1 1 1 


Complement 
A 

Set carry 

Complement 

carry 

Decimal adjust A 


CONTROL 

El 

Dl 

NOP 
HLT 


1 1 1 1 1 0 1 '1 

11110 0 11 
00000000 
0 1110 110 


Enable Interrupts 
Disable Interrupt 
No-operation 
Halt 


NEW 8085A INSTRUCTIONS 

RIM I 0 0 1 0 0 0 0 0 

SIM 0 0 1 1 0 0 0 0 


Read Interrupt Mask 
Set Interrupt Mask 



NOTES; 

1. DDS or SSS: B 000, C 001, D 010, E011, H 100, L 101, Memory 110, A 111. 

2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 



*AII mnemonics copyrighted ©Intel Corporation 1976. 
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WAVEFORMS 



CLOCK 



CLK 
OUTPUT 



READ 



\ i — \_r~\ r — \ / — \ 



X 



A / \ f — \ I V. 



Do " A ° 7 Z5 1 



WRITE 



a /—"^j — v_y — v 



3: 



\ 



HOLD 



(ADDRESS, CONTROLS) 



J \ 



f 



j — \ r 



< 



j 
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8085A/8085A-2 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS 



Single +5V Power Supply 

100% Software Compatible with 8080A 

1.3 fxs Instruction Cycle (8085A); 
0.8 fxS (8085A-2) 

On-Chip Clock Generator (with External 
Crystal, LC or RC Network) 

On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 



Four Vectored Interrupt Inputs (One is 
Non-Maskable) Plus an 8080A- 
Compatible Interrupt 

Serial In/Serial Out Port 

Decimal, Binary and Double Precision 
Arithmetic 

Direct Addressing Capability to 64k 
Bytes of Memory 



The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). Its instruction set is 100% software compatible 
with the 8080A microprocessor, and it is designed to improve the present 8080A's performance by higher system speed. 
Its high level of system integration allows a minimum system of three IC's [8085A (CPU), 8156(RAM/I0) and 8355/8755A , 
(ROM/PROM/IO)] while maintaining total system expandability. The 8085A-2 is a faster version of the 8085A. 

The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 

The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The 
on-chip address latches of 8 155/81 56/8355/8755 A memory products allow a direct interface with the 8085A. 



I NT A RST6S TRAP 

INTR f RSTSS I RST7S I 



INTERRUPT CONTROL 



r-L L_ 

SERIAL I/O CONTROL 



8 BIT INTERNAL DATA BUS 



I accumulator! 




culSTcr 



MACHINE 

CYCLE 
ENCODING 



STACK POINTER 



PROGRAM COUNTER 



TIMING AND CONTROL 



ADDRESS BUFFER 



3 C 



X1 C 
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40 


X 2 C 


2 


39 


RESET OUT C 
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38 


SOD C 
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37 


SID C 
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36 


TRAP C 
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35 


RST7 5 C 


7 


34 


RST6.5 C 


8 


33 


RST5.5 C 


9 


32 


INTR' C 




31 


INTA C 


n 8085A 


30 


ADo C 


12 


29 


ADi C 


13 


28 


AD 2 C 


14 


27 


AD 3 C 


15 


26 


AD 4 E 


16 


25 


AD 5 C 


17 


24 


AD6 C 


18 


23 


AD 7 C 


19 


22 


vss C 


20 


21 



TTT 



Figure 1. 8085A CPU Functional Block Diagram 



3 V C C 

3 HOLD 

□ HLDA 

3 CLK (OUT ) 

3 RESET IN 



3 §L 

□ RD 

3 WR 
3 ALE 
3 So 
3 A 15 
3 A 14 
A13 

□ A 12 
3 An 
3 A 10 
3 A 9 
3 A„ 



Figure 2. 8085A Pin 
Configuration 
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ABSOLUTE MAXIMUM RATINGS* 'NOTICE: Stresses above those listed under "Absolute 

Maximum Ratings" may cause permanent damage to the 

A , „. ~ _, ~ device. This is a stress rating only and functional opera- 
Ambient Temperature Under B.as ^ 0 C to 70 C f/o „ Qf WQ devjcQ flf fhese Qr Qny Qther conditions above 

Storage Temperature . . -65 C to +150 C tnose indicated in the operational sections of this 

Voltage on Any Pin specification is not implied. Exposure to absolute 

With Respect to Ground —0.5V to +7V maximum rating conditions for extended periods may 

Power Dissipation 1.5 Watt affect device reliability. 



D.C. CHARACTERISTICS (T A = 0°C to 70°C, V C c = 0V ±5%, V S s = 0V; unless otherwise specified) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V IL 


Input Low Voltage 


-0.5 


+0.8 


V 




V IH 


Input High Voltage 


2.0 


Vrjc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


l 0L = 2mA 


V 0 h 


Output High Voltage 


2.4 




V 


l 0H = -400M 


'cc 


Power Supply Current 




170 


mA 




'lL 


Input Leakage 




±10 


HA 


0^ V, N *sV C c 


Ilo 


Output Leakage 




±10 


MA 


0.45V <V out <V CC 


V tL R 


Input Low Level, RESET 


-0.5 


+0.8 


V 




V,HB 


Input High Level, RESET 


2.4 


V cc +0.5 


V 




Vhy 


Hysteresis, RESET 


0.25 




V 
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A.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = ov ±5%, v ss = ov) 



Symbol 


Parameter 


8085A 121 


8085A-2 12 ! 


Units 


Min. 


Max. 


Mln. 


Max. 


l CYC 


CLK Cycle Period 








<UUU 


ns 


tl 


CLK Low Time (Standard CLK Loading) 


80 




40 




ns 


t 2 


CLK High Time (Standard CLK Loading) 


120 




70 




ns 


tr,tf 


CLK Rise and Fall Time 




30 




30 


ns 


*XKR 


X A Rising to CLK Rising 


30 


120 


30 


100 


ns 


*XKF , 


Xi Rising to CLK Falling 


30 


150 


30 


110 


ns 




A a -15 Valid to Leading Edge of Control™ 


270 




11*1 




ns 


^CL 


A 0 _7 Valid to Leading Edge of Control 


240 




115 




ns 




A 0 _ 15 Valid to Valid Data In 




575 




350 


ns 




Address Float After Leading Edge of 
READ (INTAV 




0 




0 


ns 




A 8 _ 15 Valid Before Trailing Edge of ALE™ 


115 




50 ■ 




ns 


tALL 


A 0 _ 7 Valid Before Trailing Edge of ALE 


do 




50 




ns 


Ury 


READY Valid from Address Valid 




220 




100 


ns 


tr,A 


Address (Aa-15) Valid After Control 


120 




60 




ns 


tec 


Width of Control Low (RD, WR, INTA) 
Edge of ALE 


400 




230 




ns 


t C L 


Trailing Edge of Control to Leading Edge 
of ALE 


50 




25 

„ .„ 




ns 


tow 


Data Valid to Trailing Edge of WRITE 


420 




230 




ns 


^HABE 


HLDA to Bus Enable 




210 




150 


ns 


tHABF 


Bus Float After HLDA 




210 




150 


ns 


^AQK 


HLDA Valid to Trailing Edge of CLK 


110 




40 




ns 


*HDH 


HOLD Hold Time 


0 




0 




ns 


*HDS 


HOLD Setup Time to Trailing Edge of CLK 


170 




120 




ns 


t|NH 


INTR Hold Time 


0 




0 




ns 


t|NS 


INTR, RoT, and TRAP Setup Time to 
Falling Edge of CLK 


160 




150 




ns 




Address Hold Time After ALE 


100 




50 




ns 


tuo 


Trailing Edge of ALE to Leading Edge 
of Control 


130 




60 




ns 


^LCK 


ALE Low During CLK High 


100 




50 




ns 


t|_DR 


ALE to Valid Data During Read 




460 




270 


ns 


^LDW 


ALE to Valid Data During Write 




200 




120 


ns 


t L L 


ALE Width 


140 




80 




ns 


t|.RY 


ALE to READY Stable 




110 




30 


ns 
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A.C. CHARACTERISTICS (Continued) 



Sum hoi 


Pft rtk motor 


8085A13 


8085A-2^ 


Units 


Mln. 


Max. 


Mln. 


Max. 


*RAE 


Trailing Edge of READ to Re-Enabling 
of Address 


150 




90 




ns 




READ (or INTA) to Valid Data 




300 




150 


ns 


*RV 


Control Trailing Edge to Leading Edge 
of Next Control 


400 




220 




ns 


tRDH 


Data Hold Time After READ INTA 1 '* 


0 




0 




ns 


*RYH 


READY Hold Time 


0 




0 




ns 


*RYS 


READY Setup Time to Leading Edge 
of CLK 


110 




100 




ns 


twD 


Data Valid After Trailing Edge of WRITE 


100 




60 




ns 


*WDL 


LEADING Edge of WRITE to Data Valid 




40 


s 


20 


ns 



NOTES: _ 

1. A 8 -A-j5 address Specs apply to IO/M, S 0 , and S-j except Ag-A^ are undefined during T 4 -Te of OF cycle 
whereas IO/M, Sq, andS-| are stable. 

2. Test conditions: t CYC = 320 ns (8085 A)/200ns (8085 A-2); C L = 1 50 pF. 

3. For all output timing where C L = 150pF use the following correction factors: 
25pF< C L < 150 pF: -0.10ns/pF 

150pF< C L < 300 pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 

5. All timings are measured at output votage V L =* 0.8V, V H = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 

6. To calculate timing specifications at other values of t^yc use Table 7. 

7. Data hold time is guaranteed under all loading conditions. 



A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



X^> TEST POINTS <^ V 

A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC "1" AND 0 45V FOR 
A LOGIC "0 " TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0 " 



DEVICE 
. UNDER 
TEST 



"T 
I 



C u = 150 pF 



C L = 150 pF 

C u INCLUDES JIG CAPACITANCE 



2-£9 



81 55H/81 56H/81 55H-2/81 56H-2 
2048-BIT STATIC HMOS RAM 
WITH I/O PORTS AND TIMER 



■ Single +5V Power Supply with 10% 
Voltage Margins 

■ 30% Lower Power Consumption than 
the 8155 and 8156 

■ 100% Compatible with 8155 and 8156 

■ 256 Word x 8 Bits 

■ Completely Static Operation 

■ Internal Address Latch 

■ 2 Programmable 8-Bit I/O Ports 



■ 1 Programmable 6-Bit I/O Port 

■ Programmable 14-Bit Binary Counter/ 
Timer * 

■ Compatible with 8085AH, 8085A and 
8088 CPU 

■ Multiplexed Address and Data Bus 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



The Intel® 8155H and 8156H are RAM and I/O chips Implemented in N-Channel, depletion load, silicon gate technology 
(HMOS), to be used in the 8085AH and 8088 microprocessor systems. The RAM portion is designed with 2048 static cells 
organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states in 8085AH CPU.The 
8155H-2 and 8156H-2 have maximum access times of 330 ns for use with the 8085AH-2 and the 5 MHz 8088 CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 
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WR- 
RESET- 
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pc 3 


C 


1 




40 
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3 




38 


3 


PC, 


RESET 
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4 




37 


2 




p c 5 


c 


5 




36 


3 


pb 7 


TIMEROUT 


c 


6 




35 


3 




IO/M 


c 






34 


3 


p B 5 


CEORCE* 


c 


8 




33 


3 


PB 4 


RD 
WR 


c 
c 


9 
10 


8155H/ 
8156H 


32 
31 


3 
3 


PB 3 
PB 2 


ALE 
AD Q 


c 
c 


11 

12 


8155H-2/ 
8156H-2 


30 
29 


3 
3 


PB, 
PB 0 


AD, 


c 


13 




28 


3 


PA 7 


AD 2 


c 


14 




27 


3 


p A 6 


AD 3 


c 


15 




26 


3 


PA 5 


AD 4 


c 


16 




25 


3 


PA 4 


, AD 5 


c 


17 




24 


3 


PA 3 


AD 6 


c 


18 




23 


3 


PA 2 


AD ? 


c 


19 




22 


3 


PA, 


v ss 


c 


20 




21 


3 


PA 0 



Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1 . Pin Description 



Symbol 


Type 


Name and Function 


RESET 


I 


Reset: Pulse provided by the 8085AH to initialize the system (connect to 8085AH RESET OUT). Input 
high on this line resets the chip and initializes the three I/O ports to input mode. The width of RESET 
pulse should typically be two 8085AH clock cycle times. 


AD 0 _7 


I/O 


Address/Data: 3-state Address/Data lines that interface with the CPU lower 8-bit Address/Data Bus. 
The 8-bit address is latched into the address latch inside the 81 55H/56H on the falling_edge of ALE. The 
address can be either for the memory section or the I/O section depending on the IO/M input. The 8-bit 
data is either written into the chip or read from the chip, depending on the WR or RD input signal. 


= 

CE or CE 


I 


Chip Enable: On the 8155H, this pin is CE and is ACTIVE LOW. On the 8156H, this pin is CE and is 
ACTIVE HIGH. 


RD 


I 


Read Control: Input low on this line with the Chip Enable active enables and AD 0 _7 buffers. If IO/M pin 
is low, the RAM content will be read out to the AD bus. Otherwise the content of the selected I/O port or 
command/status registers will be read to the AD bus. 


WR 


I 


Write Control: Input low on this line with the Chip Enable active causes the data on the Address/Data 
bus to be written to the RAM or I/O ports and command/status register, depending on IO/M. 


ALE 


I 


Address Latch Enable: This control signal latches both the address on the AD 0 _7 lines and the state 
of the Chip Enable and IO/M into the chip at the falling edge of ALE. 


IO/M 


I 


I/O Memory: Selects memory if low and I/O and command/status registers if high. 


PA 0 - 7 (8) 


I/O 


Port A: These 8 pins are general purpose I/O pins. The in/out direction is selected by programming 
the command register. 


PB 0 - 7 (8) 


I/O 


Port B: These 8 pins are general purpose I/O pins The in/out direction is selected by programming 
the command register 


r M)-5\ 0 / 


I/O 


Port fV Thpcp fi nine ran fimrtmn acoithor inni it nnrt rti itm it nrtrt nr ac rrintrnl cinnalcfnr PA anrl PR 
rui i w . ii iGoc? ufjiiioisCiii luiivsiiuii cio ciiiid ni|jui ^jui i, uuifjui }Jwi i, ui do isL/iiiiwi oi^i 1010 i ui rn ell iu r D . 

Programming is done through the command register. When PC0-5 are used as control signals, they 

will provide the following: 

PCq — A INTR (Port A Interrupt) 

PC1 — ABF (Port A Buffer Full) 

PC 2 — A STB (Port A Strobe) 

PC 3 — B INTR (Port B Interrupt) 

PC 4 — B BF (Port B Buffer Full) 

PC 5 — B STB (Port B Strobe) 


TIMER IN 


I 


Timer Input: Input to the counter-timer. 


TIMER OUT 


0 


Timer Output: This output can be either a square wave or a pulse, depending on the timer mode. 


v C c 




Voltage: +5 volt supply. 


v ss 




Ground: Ground reference. 



FUNCTIONAL DESCRIPTION 

The 8155H/8156H contains the following: 

• 2k Bit Static RAM organized as 256 x 8 

• Tw6 8-bit I/O ports (PA & PB) and one 6-bit I/O port ( PC ) 

• 14-bit timer-counter 

The IO/M (IO/Memory Select) pin selects either the five 
registers (Command, Status, PA0-7, PB0-7, PC0-5) or 
the memory (RAM) portion. 

The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE, and IO/M^re all latched on-chip at the 
falling edge of ALE 



7v 



7v 
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Figure 3. 8155H/8156H Internal Registers 
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CE (8155H) \ 
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CE(S1S6H) / 




/ 
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/ 
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IO/M \ 
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\ 




> < 




AD 0-7 ^ 


ADDRESS 


DATA VALID ^ ^ 
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/ 










RD OR WR 
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/ 



NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS 



Figure 4. 8155H/8156H On-Board Memory Read/Write Cycle 



jTM 2 [TMi| IEB[ IEA[ PC 2 | PCt | PB | PA j 

J I u 



DEFINES PA0.7 
DEFINES PB0-7 



0 = INPUT 

1 = OUTPUT 



00 = ALT 1 
11 = ALT 2 

01 = ALT 3 
10 = ALT 4 



. ENABLE PORT A 
INTERRUPT 

ENABLE PORT B 
' INTERRUPT 



1 = ENABLE 
0 = DISABLE 



►TIMER COMMAND— 



00 = NOP - DO NOT AFFECT COUNTER 

6PERATION 

01 = STOP - NOP IF TIMER HAS NOT STARTED; 

STOP COUNTING IF THE TIMER IS 
RUNNING 

10 = STOP AFTER TC - STOP IMMEDIATELY 

AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 

11 = START - LOAD MODE AND CNT LENGTH 

AND START IMMEDIATELY AFTER 
LOADfNG (IF TIMER IS NOT PRESENTLY 
RUNNING) IF TIMER IS RUNNING, START N 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
IS REACHED 



PROGRAMMING OF THE 
COMMAND REGISTER 

The command register consists of eight latches. Four 
bits (0-3) define the mode of the ports, two bits (4-5) 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits ( 6-7 ) are for the timer. 

The command register contents can be altered at any 
time by using the I/O address XXXXX000 durm£a WRITE 
operation with the Chip Enable active and IO/M = 1. The 
meaning of each bit of the command byte is defined in 
Figure 5. The contents of the command register may 
never be read. 



READING THE STATUS REGISTER 

The status register consists of seven latches, one for each 
bit, six (0-5) for the status of the ports and one (6) for the 
status of the timer. 

The status of the timer and the I/O section can be polled 
by reading the Status Register (Address XXXXX000). 
Status word format is shown in Figure 6. Note that you 
may never write to the status register since the command 
register shares the same I/O address and the command 
register is selected when a write to that address is issued. 



Figure 5. Command Register Bit Assignment 
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AD 7 AD 6 AD 5 AD 4 AD 3 AD 2 ADt ADq 



PORT A INTERRUPT REQUEST 

PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

PORT A INTERRUPT ENABLE 

PORT B INTERRUPT REQUEST 

PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

PORT B INTERRUPT ENABLED 

TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET) 



Both registers are 
The C/S address 



Figure 6. Status Register Bit Assignment 



INPUT/OUTPUT SECTION 

The I/O section of the 8155H/8156H consists of five regis- 
ters: (See Figure 7.) 

• Command/Status Register (C/S) - 

assigned the address XXXXX000. 
serves the dual purpose. 

When the C/S registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 

When the C/S (XXXXXOOO) is selected during a READ 
operation, the status information of the I/O ports and 
the timer becomes available on the ADo-7 lines. 

• PA Register — This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the C/S Register. Also depending on 
the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The 
I/O pins assigned in relation to this register are PAo-7. 
The address of this register is XXXXX001. 

• PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PB0-7. The address 
of this register is XXXXX010. 

• PC Register — This register has the address XXXXXOT 1 
and contains only 6 bits. The 6 bits can be program- 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD2 and AD3 bits of the C/S register. 

When PC0-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 



interrupt that the 8155H sends out. The second is an 
output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 2.) 

When the 'C port is programmed to either ALT3 or ALT4, 
the control signals for PA and PB are initialized as follows: 



CONTROL 


INPUT MODE 


OUTPUT MODE 


BF 


Low 


Low 


INTR 


Low 


High 


STB 


Input Control 


Input Control 



I/O ADDRESS 1 


SELECTION 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


X 


X 


X 


X 


X 


0 


0 


0 


Interval Command/Status Register 


X 


X 


X 


X 


X 


0 


0 


1 


General Purpose I/O Port A 


X 


X 


X 


X 


X 


0 


1 


0 


General Purpose I/O Port B 


X 


X 


X 


X 


X 


0 


1 


1 


Port C — General Purpose I/O or Control 


X 


X 


X 


X 


X 


1 


0 


0 


Low-Order 8 bits of Timer Count 


X 


X 


X. 


X 


X 


1 


0 


1 


High 6 bits of Timer Count and 2 bits 


















of Timer Mode 



X Don't Care 

t I/O Address must be qualified by CE = 1 (8156H) or CE = 0 (8155H) and IO/M = 1 in 
order to select the appropriate register 



Figure 7. I/O Port and Timer Addressing Scheme 



Figure 8 shows how I/O PORTS A and B are structured 
within the 8155H and 8156H: 



8155H/8156H 
ONE BIT OF PORT A OR PORT B 



OUTPUT 
LATCH 



5 



OUTPUT 
ENABLE 



<2 



) (2) | 



CLK 



STB 



NOTES- 

(3) STROBED INPUT J C0NTR0L 
READ PORT = (lO/Mf 1) • (RDfO) • {CE ACTIVE) • (PORT ADDRESS SELECTED) , 
WRITE PORT= (IO/M=1) • (WR=0) • (CE ACTIVE) • (PORT ADDRESS SELECTED) 



(4) = 1 FOR OUTPUT MODE 
= 0 FOR INPUT MODE 



Figure 8. 8155H/8156H Port Functions 
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Table 2. Port Control Assignment 



Pin 


ALT 1 


ALT 2 


ALT 3 


ALT 4 


PCO 


Input Port 


Output Port 


A INTR (Port A Interrupt) 


A INTR (Port A Interrupt) 


PC1 


Input Port 


Output Port 


A BF (Port A Buffer Full) 


A BF (Port A Buffer Full) 


PC2 


Input Port 


Output Port 


A STB (Port A Strobe) 


A STB (Port A Strobe) 


PC3 


Input Port 


Output Port 


Output Port 


B INTR (Port B Interrupt) 


PC4 


Input Port 


Output Port 


Output Port 


B BF (Port B Buffer Full) 


PC5 


Input Port 


Output Port 


Output Port 


B STB (Port B Strobe) 



Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 

The outputs of the 81 55H/81 56H are "glitch-free" meaning 

that you can write a "1" to a bit position that was previ- 
ously "1" and the level at the output pin will not change. 

Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the 81 55H/56H 
is RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 

When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
or output mode, respectively. , 

Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 

Figure 9 shows how the 8155H/8156H I/O ports might be 
configured in a typical MCS-85 system, 



8155H/8156H 

' PORTC- 



TO 8085AH RST INPUT 



A INTR (SIGNALS DATA RECEIVED) 



A BF (SIGNALS DATA READY) 



A STB (ACKNOWL DATA RECEIVED) 



_ B STB (LOADS PORT B LATCH) 



B BF (SIGNALS BUFFER IS FULL) 



B INTR (SIGNALS BUFFER 



READY FOR READING) 



TO/FROM 
-PERIPHERAL 
INTERFACE 



TO INPUT PORT (OPTIONAL) 
TO 8085AH RST INPUT 



TIMER SECTION 

The timer is a 14-bit down-counter that.counts the TIMER 
IN pulses and provides either a square wave or pulse 
when terminal count (TO is reached. 

The timer has the I/O address XXXXX1 00 for the low order 
byte of the register and the I/O address XXXXX101 for 
the high order byte of the register. (See Figure 7.) 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 of the high order count register will 
specify the length of the next count and bits .14-15 of the 
high order register will specify the timer output mode 
(see Figure 10). The value loaded into the count length 
register can have any value from 2H through 3FFH in 
Bits 0-13. 



7 


6 


5 


4 


3 


2 


1 


0 




M 2 


Mi 


T13 




Tn 


Tio 


T 9 


T 8 


I 


1 1 












TIMER MODE 


MSB OF CNT LENGTH 






6 


5 


4 


3 


2 


,1 


0 


I" 




T 5 


T 4 


T 3 




T^ 


To 


I 

















LSB OF CNT LENGTH 



Figure 10. Timer Format 

There are four modes to choose from: M2 and M1 define 
the timer mode, as shown in Figure 1 1 . 



TIMER OUT WAVEFORMS 



MODE 
BITS 



START 
COUNT 



\ SINGLE 

SQUARE WAVE 



2 CONTINUOUS 
SQUARE WAVE 



3 SINGLE 
PULSE ON 
TERMINAL COUNT 

4 CONTINUOUS 
PULSES 



TERMINAL / TERMINAl\ 
COUNT ^ COUNT ) 

\ 




~U — 



IT 



Figure 9. Example: Command Register = 00111001 



Figure 11. Timer Modes 
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Bits 6-7 (TM2 and'TMi) of command register contents 
are used to start and stop the counter. There are four 
commands to choose from: 



TM2 
0 
0 

1 



TM1 
0 
1 



NOP — Do not affect counter operation. 

STOP — NOP if timer has not started.; 
stop counting if the timer is running. 

STOP AFTER TC — Stop immediately 
after present TC is reached ( NOP if timer 
has not started ) 

START — Load mode and CNT length 
and start immediately after loading (if 
timer is not presently running). If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 



Note that while the counter is counting, you may load a 
new count and mode into the count length registers. 
Before the new count and mode will be used by the 
counter, you must issue a START command to the 
counter. This applies even though you may only want to 
change the count and use the previous mode. 

In case of an odd-numbered count, the first half-cycle 
of the squarewave output, which is high, is one count 
longer than the second (low) half-cycle, as shown in 
Figure 12. 



I 



NOTE 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD 



The counter in the 81 55H is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin 
following RESET until a START command is issued via the 
C/S register. 

Please note that the timer circuit on the 81 55H/81 56H chip 
is designed to be a square-wave timer, not an event 
counter. To achieve this, it counts down by twos twice 
in completing one cycle. Thus, its registers do not con- 
tain values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For 
the detection of single pulses, it is suggested that one 
of the hardware interrupt pins on the 8085AH be used.) 
After the timer has started counting down, the values 
residing in the count registers can be used to calculate 
the actual number of TIMER IN pulses required to com- 
plete the timer cycle if desired. To obtain the remaining 
count, perform the following operations in order: 

1. Stop the count 

2. Read in the 16-bit value from the count length registers 

3. Reset the upper two mode bits 

4. Reset the carry and rotate right one position all 16 bits 
through carry 

5. If carry is set, add 1/2 of the full original count (1/2 full 
count — 1 if full count is odd). 



Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this, the 8155H/56H always 
counts. out t he right number of pulses in generating the 
TIMER OUT waveforms. 



Figure 12. Asymmetrical Square- Wave Output 
Resulting from Count of 9 
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8085A MINIMUM SYSTEM CONFIGURATION 

Figure 13a shows a minimum system using three chips, 
containing: 

• 256 Bytes RAM 

• 2K Bytes ROM 

• 38 I/O Pins 

• 1 Interval Jimer 

• 4 Interrupt Levels 



8085 MINIMUM SYSTEM CONFIGURATION 



TIMER 
OUT 



256 x 8 
RAM 















j PC | | P 


B | | PA | 



7V 



RDIOW CLK 



8355 | ROM + I/O | 
OR 

8755 A [PROM + I/O] 



1(6)1 1(8)1 1(8)1 



Figure 13a. 8085AH Minimum System Configuration (Memory Mapped I/O) 
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8088 FIVE CHIP SYSTEM • 38 I / O Pins 

Figure 13b shows a five chip system containing: * 1 ,nterval Timer 

• 1.25K Bytes RAM * 2 Interrupt Levels 

• 2k Bytes ROM 




CLK 
READY 



8284 
RESET 



As— A19 



8088 
READY 

MN/MX 
ALE 

RST /jn RD 



r-RST^ 



WR 

IO/M 



GND 

(V SS ) 



MANUAL 
RESET 



Vcc 



-6 



c 



<: 



V 7 \7 



CE 


PORT 


WR 






PORT 


RD 




8155H-2 


ALE 


PORT 


DATA/ 




ADDR 






IN 


IO/M 


TIMER 


RESET 


OUT 



IOW 
RD 
ALE 
CE 



A 8-10 
8355-2/ 
8755A-2 

~N DATA/ 
-I,/ ADDR 



IO/M PORT 
RESET B 
READY 

io"R 



Vcc 
_J 



■I L 



V SS V CC V DD 



V 



WR 
RD 

CEi 

818 

ALE 

£s\ 

CE 2 
A 6 ,A 9 



AD, 



'0-7 



V ss Vcc 



Figure 13b. 8088 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed Orider "Absolute 



Maximum Ratings" may cause permanent damage to the 
device. This is a stress, rating only and functional opera- 
Temperature Under Bias 0°C to +70° C tion of the device at these or any other conditions above 

Storage Temperature . -65°Cto +150°C those indicated in the operational sections of this 

Voltage on Any Pin specification is not implied. Exposure to absolute maxi- 

With Respect to Ground -0.5V to +7V mum rating conditions for extended periods may affect 

Power Dissipation 1.5W device reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = sv ± 10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V, H 


Input High Voltage 


2.0 


V CC +0-5 


V 




Vol 


Output Low Voltage 




0.45 


V 


lOL = 2mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = -400juA 


IlL 


Input Leakage 




±10 


MA 


0V^ V, N V C c 




Output Leakage Current 




±10 




0.45V < V 0 UT < Vcc 


Ice 


Vcc Supply Current 




125 


mA 




Iil(CE) 


Chip Enable Leakage 
8155H 
8156H 




+100 
-100 


MA 

ma 


0V V, N =s v cc 



A.C- CHARACTERISTICS (T A = o°c to 70°c, v cc = 5V ±10%) 





8155H/8156H 


8155H-2/8156H-2 




Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time after Latch 


80 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


*RD 


Valid Data Out Delay from READ Control 




170 




140 


ns 


tAD 


Address Stable to Data Out Valid 




400 




330 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float After READ 


0 


100 


0 


80 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width 


250 




200 




ns 


tow 


Data In to WRITE Set Up Time 


150 




100 




ns 


two 


Data In Hold Time After WRITE 


25 




25 




ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


twp 


WRITE to Port Output 




400 




300 


ns 


tPR 


Port Input Setup Time 


70 




50 




ns 


tRP 


Port Input Hold Time 


50 




10 




ns 


tSBF 


Strobe to Buffer Full 




400 




300 


ns 


tss 


Strobe Width 


200 




150 




ns 


tRBE 


READ to Buffer Empty 




400 




300 


ns 


tsi 


Strobe to INTR On 




400 




300 


hs 
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A.C. CHARACTERISTICS (Continued) (T A = 0°C to 70°C, V cc = 5V : 



:10%] 





8155H/8156H 


8155H-2/8156H-2 




Symbol 


Parameter 


Mln. 


Max. 


Min. 


Max. 


Units 


tRDI 


READ to INTR Off 




400 




300 


ns 


tpss 


Port Setup Time to Strobe Strobe 


50 




. 0 




ns 


tPHS 


Port Hold Time After Strobe 


120 




100 




ns 


tSBE 


Strobe to Buffer Empty 




400 




300 




t WBF 


WRITE to Buffer Full 




400 




300 


ns 


*WI 


WRITE to INTR Off 




400 




300 


ns 


tTL 


TIMER-IN to TIMER-OUT Low 




400 




300 


ns 


tTH 


TIMER-IN to TIMER-OUT High 




400 




300 


ns 


*RDE 


Data Bus Enable from READ Control 


10 




10 




ns 


tl 


TIMER-IN Low Time 


80 




40 




ns 


t 2 


TIMER-IN High Time 


120 




70 




ns 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 




^> TEST POINTS <^ 



AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1 
AND 0 8V FOR A LOGIC 0 . 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



"1 
1 



C L = 150 pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



READ 



CE(8155H) 

OR 
CE(8156H) 



r 



T 



> <y ^ DATA VALID ^ ^ 



RD 



tRD- 



y 



- L 
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WAVEFORMS (Continued) 



WRITE 

CE(8155H) 

OR 
CE (8156H) 



\ 



/ \ 



z 



z 



X 



DATA VALID 



/ 



STROBED INPUT 



STROBE 



INPUT DATA 
FROM PORT 
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WAVEFORMS (Continued) 



STROBED OUTPUT 



OUTPUT DATA 
TO PORT 



\J—T 



Z 



BASIC INPUT 



■ \- - 



x 



l RP f* 

J 



ZZZZZDC 



BASIC OUTPUT 



— — \_ 
ZZZZZZX1 



•DATA BUS TIMING IS SHOWN IN FIGURE 7 



€1 



TIMER OUTPUT COUNTDOWN FROM 5 TO 1 



LOAD COUNTER FROM CLR 
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8155/8156/8155-2/8156-2 
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 

■ 256 Word x 8 Bits 

■ Single +5V Power Supply 

■ Completely Static Operation 

■ Internal Address Latch 

■ 2 Programmable 8 Bit I/O Ports 



■ 1 Programmable 6-Bit I/O Port 

■ Programmable 14-Bit Binary Counter/ 
Timer 

■ Compatible with 8085A and 8088 CPU 

■ Multiplexed Address and Data Bus 

■ 40 Pin DIP 



The 8155 and 8156 are RAM and I/O chips to be used in the 8085A and 8088 microprocessor systems. The RAM portion 
is designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with 
no wait states in 8085A CPU. The 81 55-2 and 81 56-2 have maximum access times of 330 ns for use with the 8085 A-2 and the 
5 MHz 8088 CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 



D - < v=i > 



WR- 
RESET- 



256 X 8 
STATIC 
RAM 



| TIMER | 



y1 P0RTA K 

V±v PA ^ 7 

PORT 



V 



r 



V cc (+5V) 
V ss (0V) 



* 8155/8155-2 = CE, 8156/8156-2 = CE 



PC 3 

pc 4 

TIMER IN 
RESET 

PC5 

TIMER OUT 
IO/M 
CEORCE* 
RD 
WR 
ALE 
AD 0 
AD, 
AD 2 
AD 3 
AD 4 
AD 5 
AD 6 
AD 7 

Vcc 



C 1 

C 2 

C 3 

C 4 

C 5 

C 6 

C 7 

C 8 

C 9 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 



40 

39 
38 
37 
36 
35 
34 
33 
32 

8155/ 
8156 J1 

8155- 2/ 30 

8156- 2 29 

28 
27 
26 
25 
24 
23 
22 
21 



□ V C C 

1 pc 2 
D pc, 
3 pc 0 

□ PB 7 

3 pb 6 
3 pb 5 
3 pb 4 
3 pb 3 

□ PB 2 

3 pb, 
3 pb 0 
3 pa 7 
3 pa § 
13 pa 5 
3 pa 4 
3 pa 3 
3 pa 2 

□ PA, 

3 pAq 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 'NOTICE: Stresses above those listed under "Absolute 



Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
Temperature Under Bias 0° C to +70° C tion of the device at these or any other conditions above 

Storage Temperature -65°Cto+150°C those indicated in the operational sections of this 

Voltage on Any Pin specification is not implied. Exposure to absolute maxi- 

With Respect to Ground -0.5V to +7V mum rating conditions for extended periods may affect 

Power Dissipation 1.5W device reliability. 



D.C. CHARACTERISTICS (T A - o°c to 70°C; v cc - 5V ± 5%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2mA 




Output High Voltage 


2.4 




V 


Iqh = -400/iA 




Input Leakage 




±10 


JLtA 


0V V| N *s V C c 


Ilo 


Output Leakage Current 




±10 


MA 


0.45V < VouT < Vcc 


•cc 


Vcc Supply Current 




180 


mA 




Iil(CE) 


Chip Enable Leakage 
8155 
8156 




+100 
-100 


MA 

ma 


0V V, N < V CC 
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A.C. CHARACTERISTICS <t a = o°c to 70°c ; v cc - 5V ± 5%) 





8155/8156 


8155-2/8156-2 




J SYMBOL 


PARAMETER 


MIN. 


MAX. 


MIN. 


MAX. 


UNITS 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time after Latch 


80 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


*RD 


Valid Data Out Delay from READ Control 




170 




140 


ns 


1-AD 


Address Stable to Data Out Valid 




400 




330 


ns 


t|_L 


Latch Enable Width 


100 




70 




ns 


T.RDF 


Data Bus Float After, READ 


0 


100 


0 


80 


ns 


*CL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tfJC 


READ/WRITE Control Width 


250 




200 




ns 


tow 


Data In to WR ITE Set Up Time 


150 




100 




ns 


tyVD 


Data In Hold Time After WRITE 


25 




25 




ns 


f-R V 


Recovery Time Between Controls 


300 




200 




ns 


tyyp 


WRITE to Port Output 




400 




300 


ns 


tpp 


Port Input Setup Time 


70 




50 




ns 


tRp 


Port Input Hold Time 


50 




10 




ns 


tsBF 


Strobe to Buffer Full 




400 




300 


ns 


tss 


Strobe Width 


200 




150 




ns 


tRBE 


R EAD to Buffer Empty 




400 




300 


ns 


tsi f 


Strobe to INTR On 




400 




300 


ns , 


T-RDI 


READ to INTR Off 




400 




300 


ns 


tpss 


Port Setup Time to Strobe Strobe 


50 




0 




ns 


tPHS 


Port Hold Time After Strobe 


120 




100 




ns 


tSBE 


Strobe to Buffer Empty 




400 




300 


ns 


tWBF 


WRITE to Buffer Full 




400 




300 


ns 


*WI 


WRITE to INTR Off 




400 




300 


ns 


tTL 


TIMER-IN to TIMER-OUT Low 




400 




300 


ns 


tTH 


TIMER-IN to TIMER-OUT High 




400 




300 


ns 


tRDE 


Data Bus Enable from READ Control 


10 




10 




ns 


tl 


TIMER-IN Low Time 


80 




40 




ns 


t 2 


TIMER-IN High Time 


120 




70 




ns 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




TEST POINTS 




A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 " AND 0 45V FOR 
A LOGIC 0 ' TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1 
AND 0 8V FOR A LOGIC 0 



DEVICE 
UNDER 
TEST 



"T 
I 



C L = 150 pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 
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8185/8185-2 
1024 x 8-BIT STATIC RAM FOR MCS-85* 



m Multiplexed Address and Data Bus 

m Directly Compatible with 8085A 
and iAPX 88 Microprocessors 

■ Low Operating Power Dissipation 



■ Low Standby Power Dissipation 

■ Single +5V Supply 

■ High Density 18-Pin Package 



The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel 
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 81 85 to interface directly to the 8085A and 
iAPX 88 microprocessors to provide a maximum level of system integration. 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 

The 81 85-2 is a high-speed selected version of the 81 85 that is compatible with the 5 MHz 8085A-2 and the5 MHz iAPX 88. 



cs - 

CE, - 
CE 2 - 
RD - 
WR - 



AD0-AD7 



A6.A9- 
ALE - 



DATA 
BUS 
BUFFER 



ADDRESS 
LATCH . 



1Kx8 
RAM 
MEMORY 
ARRAY 



X-Y DECODE 



ADoC 1 
AD 1 C 
AD2C 
AD3C 
AD4 j~ 
ADsQ 
AD 6 £ 
ADyQ 

Vss C 



19 



□ v cc 

□ RD 

□ WR 

□ ALE 

□ cs 

□ CEt 

□ CE 2 

□ As 



AD0-AD7 


ADDRESS/DATA LINES 


Aa,A 9 


ADDRESS LINES 


cs 


CHIP SELECT 


CE! 


CHIP ENABLE (IO/M) 


CE 2 


CHIP ENABLE 


ALE 
WR 


ADDRESS LATCH ENABLE 
WRITE ENABLE 



Figure 1. Block Diagram Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 

The 8185 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 

At the beginning of an 8185 memory access cycle, the 8- 
bit address on ADo-7, As and A9, and the status of CE1 and 
CE2 are all latched internally in the 81 85 by the falling edge 
of ALE. If the latched status of both CE1 and CE2 are 
active, the 8185 powers itself up, but no action occurs until 
the OS line goes low and the appropriate RD or WR control 
signal input is activated. 

The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum po wer c onsumption 
savings will occur, however, only when CE1 and CE2 are 
activated selectively to power down the 81 85 when it is not 
in use. A possible connection would be to wire the 8085A*s 
IO/M line to the 8185's CE1 input, thereby keeping the 
8185 powered down during I/O and interrupt cycles. 



Table 1. 
Truth Table for 
Power Down and Function Enable 



CE, 


CE 2 


CS 


(CS*) [2] 


8185 Status 


1 


X 


X 


0 


Power Down and 
Function Disable[i] 


X 


0 


X 


0 


Power Down and 
Function Disables ] 


0 


1 


1 


0 


Powered Up and 
Function Disable! 1] 


0 


1 


0 


1 


Powered Up and 
Enabled 



NOTES: 9 

X: Don't Care. 

1: Function Disable implies Data Bus in high impedance state 

and not writing. 

2: CS* = (CE1 = 0) • (CE2 = 1 ) • (CS = 0) 

CS* = 1 signifies all chip enables and chip select active 



Table 2. 
Truth Table for 
Control and Data Bus Pin Status 



(CS*) 


RD 


WR 


AD0.7 During Data 
Portion of Cycle 


8185 Function 


0 


X 


X 


Hi-Impedance 


No Function 


1 


0 


1 


Data from Memory 


Read 


1 


1 


0 


Data to Memory 


Write 


1 


1 


1 


Hi-Impedance 


Reading, but not- 
Driving Data Bus 



NOTE: 

X: Don't Care. 



li 





TRAP 


x, x 2 


RESET IN 

HOLD 






RST7.S 




HLDA 






RST6.5 
RST5.5 


8085A 


SOD 
SID 






INTR 
TRTA 
ADDR 


ADDR/ 

DATA ALE R~D WR" 


s, 

RESET c 
OUT *<> 
IO/M RDY CLK 





7> 

(8) 



V 



\7 V 



V 



I I 



PORT 

^8156 

ALE 



\|data/ VV 

^ ADDR Y 



IO/M TIMER 
occct OUT 



CE ' 
A 8 10 

8355/ 
8755A 

DATA/ 
ADDR 

IO/M po RT 
RESET 
RDY 
CLK 



<A> 



TT 

Vss V cc V D D PROG 



> 



UB1 8185 

ALE 
CS,CE 2 
A 8 , A 9 



TT 

v ss V CC 



Figure 3. 8185 in an MCS-85 System 

4 Chips: 
2K Bytes ROM 
1.25K Bytes RAM 
38 I/O Lines 

1 Counter/Timer 

2 Serial I/O Lines 
5 Interrupt Inputs 
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iAPX 88 FIVE CHIP SYSTEM: 

• 1.25 K Bytes RAM 

• 2 K Bytes ROM 

• 38 I/O Pins 

• 1 Internal Timer 

• 2 Interrupt Levels 



s- 




\ 

\ GND 
MANUAL 
GND RESET 

(V SS ) 



CLK 
READY 



8284A 

RESET 



READY 

MN/MX 
ALE 

RST (g) RD 
WR 
IO/M 



-<3 6- 

® 



c 



\7 



CE 


PORT 
A 


WR 






PORT 


RD 




8155-2 


ALE 


PORT 


DATA/ 




ADDR 






IN 


IO/M 


TIMER 


RESET 


OUT 



V a 



V 



0v> 



8355-2/ 
8755A-2 

-N DATA/ 
ADDR 



IO/M PORT 
RESET 
READY 

iOR 



Vcc 



MIL, 

V SS V CC V DD 



WR 
RD 

1 811 

ALE 

CS, 
CE 2 

A 8 , A 9 
AD 0 . 7 



V SS v cc 



Figure 4. iAPX 88 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those- listed under "Absolute „ 



Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
Temperature Under Bias 0° C to +70° C tion of the device at these or any other conditions above 

Storage Temperature -65° C to +1 50° C those indicated in the operational sections of this specif i- 

Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

with Respect to Ground -0.5V to +7V rating conditions for extended periods may affect device 

Power Dissipation 1.5W reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = 5V ± 5%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


lOL = 2mA 


Voh 


Output High Voltage 


2.4 






Ioh = - 400/uA 


Iil . 


Input Leakage 




±10 


MA 


0V ^V )N ssVcc 


lLO 


Output Leakage Current 




±10 


ma 


0.45V < Vout < Vcc 


Ice 


Vcc Supply Current 
Powered Up 
Powered Down 




100 


mA 






35 


mA 





A.C. CHARACTERISTICS (T A = o°c to 70°c, Vcc = 5V ± 5%) 



Symbol 


Parameter 


8185 


8185-2 




Min. 


Max. 


Min. 


Max. 


Units 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time After Latch 


80 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Delay from READ Control 




170 




140 


ns 


tLD 


ALE to Data Out Valid 




300 




200 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float After READ 


0 


100 


0 


80 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width 


250 




200 




ns 


tDW 


Data In to WRITE Set Up Time 


150 




150 




ns 


tWD 


Data In Hold Time After WRITE 


20 




20 




ns 


tsc 


Chip Select Set Up to Control Line 


10 




10 




ns 


tcs , 


Chip Select Hold Time After Control 


10 




10 




ns 


tALCE 


Chip Enable Set Up to ALE Falling 


30 




10 




ns 


tLACE 


Chip Enable Hold Time After ALE 


50 




30 




ns 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



^> TEST POINTS <^ 



A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC " 1 " AND 0 45V FOR 
A LOGIC "0 " TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC "1" 
AND 0 8V FOR A LOGIC "0 " 



DEVICE 
UNDER 
TEST 



1" 
1 



C L = 150'pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORM 



(CEt-OW 

(CE2-1) 



AD0-AD7 

(A 8 ,A 9 ) 



X 



/ 



\ 



\ / 



X 



(READ CYCLE) 



(WRITE CYCLE) 



X 



(DESELECTED) 
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8205 

HIGH SPEED 1 OUT OF 8 BINARY DECODER 



I/O Port or Memory Selector 

Simple Expansion — Enable Inputs 

High Speed Schottky Bipolar 
Technology — 18ns Max. Delay 

Directly Compatible with TTL Logic 
Circuits 



■ Low Input Load Current — .25 mA 
max., 1/6 Standard TTL Input Load 

■ Minimum Line Reflection — Low 
Voltage Diode Input Clamp 

■ Outputs Sink 10 mA min. 

■ 16-Pin Dual- 1 n-Line Ceramic or 
Plastic Package 



The Intel® 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and memory 
components with active low chip select input. When the 8205 is enabled, one of its 8 outputs goes "low," thus a single row 
of a memory system is selected. The 3-chip enable inputs on the 8205 allow easy system expansion. For very large systems, 
8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory expansions. 

The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature 
range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds 
results in higher performance than equivalent devices made with a gold diffussion process. 





A 0 


O 0 














Ai 


Oi 








16 
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A 2 


0 2 




Aid 


2 


15 


Z]Oo 






o 3 




A 2 d 


3 


14 


□ o, 






8205 
















0 4 




Eid 


4 


13 


ZJo 2 














8205 






Ei 


o 5 




E,d 


5 


12 


Zlo 3 




E 2 


o 6 




E 3 d 


6 


11 


Z]o 4 




E 3 


0 7 




0;d 




10 


d|o 5 










grd| 


8 


x 9 


□ o 6 



A 0 a 2 address inputs 



E, E 3 ENABLE INPUTS 



O 0 0 7 DECODED OUTPUTS 



Figure 1. Logic Symbol 



Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 
Decoder 

The 8205 contains a one out of eight binary decoder. It ac- 
cepts a three bit binary code and by gating this input, creates 
an exclusive butput that represents the value of the input 
code. 

For example, if a binary code of 101 was present on the AO, 
A1 and A2 address input lines, and the device was enabled, 
an active low signal would appear on the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputs will follow the truth table shown below in 
the same manner for all other input variations. 

Enable Gate 

When using a decoder it is often necessary to gate the out- 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 

The 8205 has a built-in function for such gating. The three 
enable inputs (El, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active "high" and active "low" device enable inputs 
provides the designer with a powerfully flexible gating func- 
tion to help reduce package count in his system. 



ENABLE GATE 



(E1 E2E3) 



Figure 3. Enable Gate 



ADDRESS 


ENABLE 


OUTPUTS 


A 0 


A, 


A 2 


E 


E 2 




0 


1 


2 


3 


4 


5 


6 


7 


L 


L 


L 


L 


L 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


L 


L 


L 


H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


L 


H 


L 


L 


H 


H 


H 


H 


H 


I 


H 


H 


H 


H 


L 


H 


L 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


L 


H 


H 


L 


L 


H 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


X 


X 


X 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 


H 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 
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X 
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H, 


L 
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H 
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L 
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H 
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H 
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H 
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H 


H 


H 


H 


H 


X 


X 


X 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 
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Applications of the 8205 

The 8205 can be used in a wide variety of applications in 
microcomputer systems. I/O ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, S1 , S2) of the 8008 CPU. 

I/O PORT DECODER 

Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, AO is as- 
signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is the MSB: By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 

This circuit can be used to generate enable signals for I/O 
ports or any other decoder related application. 

Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 
or two will allow expansion to even larger decoder net- 
works. 

CHIP SELECT DECODER 

Using a very similar circuit to the I/O port decoder, an ar- 




ray of 8205s can be used to create a simple interface to a 
24K memory system. 

The memory devices used can be either ROM or RAM and 
are 1K in storage capacity. 2708s and 2114As are devices 
typically used for-this application. This type of memory 
device has ten (10) address inputs and an active "low" 
chip select (CS). The lower order address bits A0-A9 
which come from the microprocessor are "bussed" to all 
memory elements and the chip select to enable a specific 
device or group of devices comes from the array of 8205s. 
The output of the 8205 is active low so it is directly compat- 
ible with the memory components. 

Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to "write" or 
"read" data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de- 
vice. The least significant address bits A0-A9 identify a 
specific location within the selected device. Thus, all ad- 
dresses throughout the entire memory array are exclusive 
in nature and are non-redundant. 

This technique can be expanded almost indefinitely to sup- 
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 




Figure 4. I/O Port Decoder 



Figure 5. 24K Memory Interface 
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ABSOLUTE MAXIMUM RATINGS* 'NOTICE: Stresses above those listed under "Absolute ' 
Temperature Under Bias: Maximum Rapngs" may cause permanent damage to the 
Ceramic -65°C to +125°C device. This is a stress rating only and functional opera- 
Plastic -65°C to +75°C tion of the device at these or at any other condition above 

Storage Temperature -65°C to + 1 60°C those indicated in the operational sections of this specif i- 

All Output or Supply Voltages -0.5 to +7 Volts cation is not jmplied. Exposure to absolute maximum 

All Input Voltages -1 .0 to +5.5 Volts rating conditions for extended periods may affect device 

Output Currents 125 mA reliability. 

D.C. CHARACTERISTICS (T A = 0°C to +75°C, V C c = 5V ±5%) 



Symbol 


Parameter 


Lim 

~Mln: 


it 

Maxi 


Unit 


Test Conditions 


'f 


INPUT LOAD CURRENT 




-0 25 


mA 


V cc = 5.25V, V F = 0.45V 


■r 


INPUT LEAKAGE CURRENT 




10 


HA 


V cc = 5 25V, V R = 5.25V 


v c 


INPUT FORWARD CLAMP VOLTAGE 




-1 0 


V 


V cc = 4 75V, l c = -5.0 mA 


V OL 


OUTPUT "LOW" VOLTAGE 




0 45 


V 


V cc = 4.75V, l QL = 10.0 mA 


V OH 


OUTPUT HIGH VOLTAGE 


24 




V 


v CC =4 - 75V, OH = - 1 - 5mA 


V 


INPUT "LOW" VOLTAGE 




0 85 


V 


V cc = 5 0V 




INPUT "HIGH" VOLTAGE 


20 




V 


V cc = 5.0V 


'sc 


OUTPUT HIGH SHORT 
CIRCUIT CURRENT 


-40 


-120 


mA 


V cc = 5.0V, V QUT = 0V 


v ox 


OUTPUT "LOW" VOLTAGE 
@ HIGH CURRENT 




08 


V 


V CC =5 " 0V - 'ox = 40mA 


'cc 


POWER SUPPLY CURRENT 




70 


mA 


V cc = 5 25V 



A.C. CHARACTERISTICS (T A = 0°C to +75°C, V cc = 5V ±5%; unless otherwise specified) 



Symbol 


Parameter 


Max. Limit 


Unit 


Test Conditions 


t + + 


ADDRESS OR ENABLE TO 
OUTPUT DELAY 


18 


ns 




t_ + 


18 


ns 




t + _ 


18 


ns 




t__ 


18 


ns 




c u> 


INPUT CAPACITANCE P8205 


4(typ.) 


pF 


f = 1 MHz, Vcc = ov 
V BIAS = 2.0V.T A ^25°C 


C8205 


5(typ ) 


pF 



1 This parameter is periodically sampled and is not 100% tested 

TYPICAL CHARACTERISTICS 



OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE 

! I I 




OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 



K ~ 30 



-40 



1 

— ^cc 


! 1 

= 5 0V 


1 1 
-* — U 




- ! 

1 


|~ -i 
T A - 


: 1 


(J/>^ T A " 25 C 


0°C~t *7 




T A - 75°C 


t 


+ ^ 


~* * m 












+ - f- 












I_ - 


-+- -»- 












t - 






- - 












tt 










4.. 














1 /I 


tr 


1 







DATA TRANSFER FUNCTION 




OUTPUT ' LOW" VOLTAGE (V) 



OUTPUT HIGH VOLTAGE (V» 



0 2 4 6 8 101214161820 
INPUT VOLTAGE (V) 
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TYPICAL CHARACTERISTICS (Continued) 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 



g 15 

5? 



V CC = 5.0V 
T A - 25°C 


W „ - ^ 




— U-+ 












I I 



50 100 150 

LOAD CAPACITANCE (pF) 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 



g 15 

Is 

§° 10 



CL = 30pF 



t+_, t_ 



0 25 50 

AMBIENT TEMPERATURE (°C) 



SWITCHING CHARACTERISTICS 



CONDITIONS OF TEST: 
Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between 1V and 2V 

Measurements are made at 1.5V 



TEST LOAD 



TEST LOAD: 



7 



All Transistors 2N2369 or Equivalent C L = 30 pF 



WAVEFORMS 



ADDRESS OR ENABLE 
INPUT PULSE 



/ 



\ 
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8-BIT INPUT/OUTPUT PORT 



Fully Parallel 8-Bit Data Register and Buffer 

Service Request Flip-Flop for 
Interrupt Generation 

Low Input Load Current — .25mA Max. 

Three State Outputs 

Outputs Sink 15 mA 

3.65V Output High Voltage for 
Direct Interface to 8008, 8080A, or 
8085A CPU 



Asynchronous Register Clear 

Replaces Buffers, Latches and 
Multiplexers In Microcomputer 
Systems 

Reduces System Package Count 

Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 
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FUNCTIONAL DESCRIPTION 
Data Latch 

The 8 flip-flops that make up the data latch are of a "D" 
type design. The output (Q) of the flip-flop will follow the 
data input (D) while the clock input (C) is high. Latching 
will occur when the clock (C) returns low. 

The la tche d data is cleared by an asynchrono us re set 
input (CLR). (Note: Clock (C) Overrides Reset (CLR).) 



Output Buffer 

The outputs of the data latch (Q) are connected to 3-state, 
non-inverting output buffers. These buffers have a 
common control line (EN); this control line either enables 
the buffer to transmit the data from the outputs of the data 
latch (Q) or disables the buffer, forcing the output into a 
high impedance state. (3-state) 

The high-impedance state allows the designer to connect 
the 8212 directly onto the microprocessor bi-directional 
data bus. 



Control Logic 

The 8212 has control inputs DS1, DS2, MD and STB. 
These inputs are used to control device selection, data 
latching, output buffer state and service request flip-flop. 



DS1, DS2 (Device Select) 

These 2 inputs are used for device selection. When DS1 is 
low and DS2 is high (DS1 • DS2) the device is selected. In 
the selected state the output buffer is enabled and the 
service request flip-flop (SR) is asynchronously set. 



MD (Mode) 

This input is used to control the state of the output buffer 
and to determine the source of the clock input (C) to the 
data latch. / 

When MD is high (output mode) the output buffers are 
enabled and the source of clock (C) to the data latch is 
from the device selection logic (DS1 • DS2). 

When MD is low (input mode) the output buffer state is 
determined by the device selection logic (DS1 • DS2) and 
the source of clock (C) to the data latch is the STB 
(Strobe) input. 



STB (Strobe) 

This input is used as the clock (C) to the data latch for the 
input mode MD = 0) and to synchronously reset the 
service request flip-flop (SR). 

Note that the SR flip-flop is negative edge triggered. 



Service Request Flip-Flop 

The (SR) flip-flop is used to generate and control 
interrupts in microc omputer systems. It is asynchron- 
. ously set by the CLR input (active low). When the (SR) flip- 
flop is set it is in the non-interrupting state. 

The output of the (SR) flip-flop (Q) iS/ connected to an 
inverting input of a "NOR" gate. The other input to the 
"NOR" gate is non-inverting and is connected to the 
device selection logic (DS1 • DS2). The output of the 
"NOR" gate (INT) is active low (interrupting state) for 
connection to active low input priority generating circuits. 

SERVICE REQUEST FF 



LECTION F * 4 ^ i — C 



Q> DS1-op-^ 

|T?> n<;?- J J " 

(T> MD - 

JTT> stb- 



GE>D'l- 

GE> DI : 

E>di : 
GE> D, « 

[T6>DI 5 - 
E>DI 6 - 

d2>Di 7 - 

(H>D1 8 - 



[U>CLR —3 \> 

(ACTIVE LOW) L-/ 




- INT {23> , 



(ACTIVE LOW) 




D Q -~T"^4 °° 5 ^> 



-D0 6 (T7> 



- oo 7 (Ts£> 



• do 8 (!£> 



I l__J 



I STB 

I 0 



CLR - 



MD (DS, DS 2 ) DATA OUT EQUALS 

0 0 ' 3 STATE 

0 0 3 STATE 

1 0 DATA LATCH 
1 0 DATA LATCH 

0 1 DATA LATCH , 

0 1 DATA IN 

1 1 DATA IN 

1 1 DATA IN _ 

RESETS DATA LATCH 

SETSSR FLIP FLOP 

(NO EFFECT ON OUTPUT BUFFER) 



CLR | 


D§TDS 2 ) STB 


•SR 


INT 


0 


0 " 0 


1 


1 


0 t 


1 ' 0 




0 


1 




0 


0 


1 


1 . 0 




0 


1 


o ; 0 


1 


1 






1 


0 



•INTERNAL SR FtIP FLOP 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias Plastic 0°C to +70° C 

Storage Temperature -65? C to -1-1 60° C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1.0 to 5.5 Volts 

Output Currents 100mA 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A =o°c to +75°c, v cc = +5V ± 5%) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


If 


Input Load Current, ACK, DS2, CR, 
DI1-DI8 Inputs 






-.25 


mA 


\/_ ARM 

VF — .40V 


If 


Input Load Current MD Input 






-.75 


mA 


Vf = .45V 


If 


Input Load Current DS1 Input 






-1.0 


mA 


Vf = .45V 


Ir 


Input Leakage Current, ACK, DS, CR, 
DI1-DI8 Inputs 






10 


mA 


Vr < Vcc 


Ir 


Input Leakage Current MO input 






30 


/iA 


Vr < Vce 


Ir 


Input Leakage Current DS1 Input 






40 


M A 


Vr < Vcc 


Vc 


Input Forward Voltage Clamp 






-1 


V 


lc = -5mA 


Vil 


Input "Low" Voltage 






.85 


V 




V IH 


Input "High" Voltage 


2.0 






V 




Vol 


Output "Low" Voltage 






.45 


V 


lOL = 15mA 


Voh 


Output "High" Voltage 


3.65 


4.0 




V 


lOH = -1mA 


isc 


Short Circuit Output Current 


-15 




-75 


mA 


Vo = 0V, Vcc = 5V 


Hoi 


Output Leakage Current High 
Impedance State 






20 


MA 


Vo = .45V/5.25Vcc 


ice 


Power Supply Current 




90 


130 


mA 





CAPACITANCE* (F = 1 MHz, V BIAS = 2.5V, 
V cc = +5V, T A = 25°C) 



Symbol 


Test 


Limits 


Typ. 


Max. 


ClN . 


DS1 MD Input Capacitance 


9pF 


12pF 


ClN 


DS 2 ,CLR, STB, Dh-DI 8 
Input Capacitance 


5pF 


9pF 


COUT 


DOi-DOs Output Capacitance 


8pF 


12pF 



"This parameter is sampled and not 100% tested. 



A.C. TESTING LOAD CIRCUIT 



SWITCHING CHARACTERISTICS 

Conditions of Test 

Input Pulse Amplitude = 2.5V 

Input Rise and Fall Times 5ns 

Between 1V and 2V Measurements made at 1.5V 

with 15mA and 30pF Test Load 



NOTE: 

1. 




Test 




R1 


R 2 


tPD, twE, tR, ts, tC 


30pF 


30on 


6oon 


tE, ENABLEI 


30pF 


10KH 


1Kf) 


tE, ENABLE 1 


. 30pF 


30on 


6oon 


tE, DISABLEt 


5pF ! 


30on 


60on 


tE, DISABLE! 


5pF 


10KH 


ikh 



'Includes probe and jig capacitance. 
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A.C. CHARACTERISTICS (T A = o°c to +70°d v cc = +5V ± 5%) * 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions , 


Mln. 


Typ. 


Max. 


tpw 


Pulse Width 


30 






ns 




tPD 


data to Output Delay 






30 


ns 


Note 1 


tWE 


Write Enable to Output Delay 






40 


ns 


Note 1 


tSET 


Data Set Up Time 


15 






ns 




tH 


Data Hold Time 


20 






ns 




tR 


Reset to Output Delay 






40 


ns 


Note 1 


ts 


Set to Output Delay 






30 


ns 


Note 1 


tE 


Output Enable/Disable Time 






45 


ns 


Note 1 


tc 


Clear to Output Delay 






55 


ns 


Note 1 



*Note: For extended Temperature EXPRESS use M8212 AC Electricals Parameters. 
APPLICATIONS 



Basic Schematic Symbols 

Two examples of ways to draw the 8212 on system schematics — (1) the top being the detailed view showing pin numbers, 
and (2) the bottom being the symbolic view showing the system input or output as a system bus (bus containing 
8 parallel lines). The output to the data bus is symbolic in referencing 8 parallel lines. 



INPUT DEVICE 



22. CLR I 
14 /_ MD 
° DS, | DS 2 



INPUT 
STROBE 



SYSTEM 
INPUT 



GND 

~2 



~ (SYMBOLIC) 



OUTPUT DEVICE 



OUTPUT 
" FLAG 



SYSTEM 
OUTPUT 



Figure 3. Basic Schematic Symbols 



Gated Buffer (3-State) 

The simplest use of the 8212 is that of a gated buffer. By 
tying the mode signal low and the strobe input high, the 
data latch js acting as a straight through gate. The output 
buff ers are then enabled from the device selection logic 
DS1 and DS2. 

When the device selection logic is false, the outputs are 3- 
state. 

When the device selection logic is true, the input data from 
the system is directly transferred to the output. The input 
data load is 250 micro amps. The output data can sink 15 
milli amps. The minimum high output is 3.65 volts. 



GATING 

CONTROL 

(OS1.DS2) 
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STB 


INPUT K 

DATA C ) 
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8212 




CLR 




_9 1 


GND 



OUTPUT 

DATA 

<15mA) 

(3 65VMIN) 



Figure 4. Gated Buffer 
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Bi-Directlonal Bus Driver 

A pair of 821 2's wired (back-to-back) can be used as a 
symmetrical drive, bi-directional bus driver. The devices 
are controlled Jby the data bus input control which is 
connected to DS1 on the first 8212 and to DS2 on the 
second. One device is active, and acting as a straight 
through buffer the other is in 3-state mode. This is a very 
useful circuit in small, system design. 



DATA ( 
BUS L 



7% 



0 



DATA BUS 
CONTROL — 
{0= L - R) 
(I = R — L) 



CLR 



r ~P r 



I DATA 
I BUS 



Figure 5. Bidirectional Bus Driver 
Interrupting Input Port 

This use of an 8212 is that of a system input port that 
accepts a strobe from the system input source, which in 
turn clears the service request flip-flop and interrupts the 
processor. The processor then goes through a service 
routine, identifies the port, and causes the device 
selection logic to go true — enabling the system input data 
onto'the data bus. 



INPUT 
STROBE " 



DATA 
BUS 



SYSTEM 
INPUT 



SYSTEM 
RESET " 



PORT r _ 

SELECTION -j 
(DSLDS2) L- 



XT 



TO PRIORITY CKT 
" (ACTIVE LOW) 

TO CPU 

INTERRUPT INPUT 



Figure 6. Interrupting Input Port 



Interrupt Instruction Port 

The 8212 can be used to gate the interrupt instruction, 
normally RESTART instructions, onto the data bus. The 
device is enabled from the interrupt acknowledge signal 
from the microprocessor and from a port selection signal. 
This signal is normally tied to ground. (DS1 could be used 
to multiplex a variety of interrupt instruction ports onto a 
common bus). 



RESTART 
INSTRUCTION 
(RST 0 



RT J__K 
JCTION C > 

- rst 7) '~r~v 



DATA 
BUS 



(DSI) PORT SELECTION • 
INTERRUPT ACKNOWLEDGE 



CLR 
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Figure 7. Interrupt Instruction Port 
Output Port (With Hand-Shaking) 

The 821 2 can be used to transmit data from the data bus to 
a system output. The output strobe could be a hand- 
shaking signal such as "reception of data" from the device 
that the system isoutputting to. It in turn, can interrupt the 
system signifying the reception of data. The selection of 
the port comes from the device selection logic.( DS1 • DS2) 



DATA 
BUS 



OUTPUT STROBE 



SYSTEM 
INTERRUPT" 



TT 



SYSTEM OUTPUT 



• SYSTEM RESET 



PORT SELECTION 
(LATCH CONTROL) 
(DS1.DS2) 



Figure 8. Output Port 



2-59 



8212 



808A Status Latch 

Here the 8212 is used as the status latch for an 8080A 
microcomputer system. The input to the 8212 latch is 
directly from the 8080A data bus. Timing shows that when 
the SYNC signal is true, which is connected to the DS2 
input and the phase 1 signal is true, which is a TTL level 
coming from the clock generator; then, the status data will 
be latched into the 8212. 




8080A 



12V 
OV 



TV 



SYNC 
DBIN 

02 

15 



CLOCK GEN. 
& DRIVER 



(01TTL) 



- DATA BUS 



STATUS 
LATCH 



3 
5 

7 

9 
16 
18 
20 
22 



INTA 
WO 

• STACK 
HLTA 

■ OUT 

■ M1 

■ INP 

• MEMR 



BASIC 

CONTROL 

BUS 



Note: The mode signal is tied high so that the output on the 
latch is active and enabled all the time. 



It is shown that the two areas of concern are the bi- 
directional data bus of the microprocessor and the control 
bus. 
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DATA TO OUTPUT DELAY 
VS. TEMPERATURE 



$ 18h 



WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE 



5 

O 25 



S 15 



TEMPERATURE (°C) 



TEMPERATURE CC) 
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821 6/8226 

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 



■ Data Bus Buffer Driver for 8080 CPU 

■ Low Input Load Current — 0.25 mA 
Maximum 

■ High Output Drive Capability for 
Driving System Bus 



■ 3.65V Output High Voltage for Direct 
Interface to 8080 CPU 

■ 3-State Outputs 

■ Reduces System Package Count 

■ Available in EXPRESS 

- Standard Temperature Range 



The 8216/8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, the 
DO outputs provide a high 3.65V V 0 h. and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA Iol capability. A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applica- 
tions for buffering in microcomputer systems. 

'Note: The specifications for the 3216/3226 are identical with those for the 8216/8226. 
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0B iCZ|« 11 
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Z3° B 3 
Ol, 

Z) °°2 
Z)0B 2 
Zl D«2 
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DIRECTION CONTROL 


S 


CHIP SELECT 



Figure 1. Block Diagrams Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 

Microprocessors like the 8080 are MOS devices and are 
generally capable of driving a single TTL load. The same is 
true for MOS memory devices. While this type of drive is 
sufficient in small systems with few components, quite often 
it is necessary to buffer the microprocessor and memories 
when adding components or expanding to a multi-board 
system. 

The 8216/8226 is a four bit bi-directional bus driver specif- 
ically designed to buffer microcomputer system components. 

Bidirectional Driver 

Each buffered line of the four bit driver consists of two 
separate buffers that are tri-state in nature to achieve direct 
bus interface and bi-directional capability. On one side of 
the driver the output of one buffer and the input of another 
are tied together (DB), this side is used to interface to the 
system side components such as memories, I/O, etc., be- 
cause its interface is direct TTL compatible and it has high 
drive (50mA). On the other side of the driver the inputs 
and outputs are separated ^to provide maximum flexibility. 
Of course, they can be tied together so that the driver can 
be used to buffer a true bi-directional bus such as the 8080 
Data Bus. The DO outputs on this side of the driver have a 
special high voltage output drive capability (3.65V) so that 
direct interface to the 8080 and 8008 CPUs is achieved with 
an adequate amount of noise immunity (350m V worst case). 




Control Gating DIEN, CS 

The CS input is actually a device select. When it is "high" 
the output drivers are all forced to their high-impedance 
state. When it is at "zero" the device is selected (enabled) 
and t he direction of the data flow is determined by the 
DIEN input. 

The DIEN input controls the direction of data flow (see 
Figure 3) for complete truth table. This direction control 
is accomplished by forcing one of the pair of buffers into its 
high impedance state and allowing the other to transmit its 
data. A simple two gate circuit is used for this function. 

The 8216/8226 isadevicethat will reduce component count 
in microcomputer systems and at th» same time enhance 
noise immunity to assure reliable, high performance op- 
eration. 



Figure 3a. 8216 Logip Diagram 



3*. 



-=3) — r- 



HIGH IMPEDANCE 



Figure 3b. 8226 Logic Diagram 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias , 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Currents 125mA 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°cto +70°c, v cc = +5V ± 5%) 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ. 


Max. 


»F1 


Input Load Current DIE'N, CS 




-0.15 


-.5 


mA 


V F =0.45 


«F2 


Input Load Current All Other Inputs 




-0.08 


-.25 


mA 


V F =0.45 


«R1 


Input Leakage Current DIEN, CS 






80 


MA 


V R = 5.25V 


•r2 


Input Leakage Current Dl Inputs 






40 


ma 


V R = 5.25V 


v c 


Input Forward Voltage Clamp 






-1 


V 


l c = -5mA 




Input "Low" Voltage 






.95 


V 




V,h 


Input "High" Voltage 


2.0 






V 




ii 0 1 


Output Leakage Current DO 
(3-State) DB 






20 
100 


/iA 


Vo = .45V/5.25Vcc 


•cc 


8216 




95 


130 


mA 




Power Supply Current 

8226 




85 


120 


mA 




V 0 L1 


Output "Low" Voltage 




0.3 


.45 


V 


DO Outputs loL=15mA 
DB Outputs l 0 L = 25mA 


V 0 L2 


8216 




0.5 


.6 


V 


DB Outputs lQL = 55mA 


Output "Low" Voltage 

8226 




0.5 


.6 


V 


DB Outputs loL = 50mA 


V0H1 


Output "High" Voltage 


3.65 


4.0 




V 


DO Outputs Iqh = -1mA 


V0H2 


Output "High" Voltage 


2.4 


3.0 




V 


DB Outputs Iqh = -10mA 


!0S 


Output Short Circuit Current , 


-15 
-30 


-35 
-75 


-65 
-120 


mA 
mA 


DO Outputs V 0 =s 0V, 
DB Outputs V CC =5.0V 



NOTE: 



Typical values are for = 25° C, Vcc = 5.0V. 
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CAPACITANCE' 5 ' (v B , AS = 2.5V, Vcc = s.ov, t a = 25°c. f = 1 mhz) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ.m 


Max. 




Input Capacitance 




4 


8 


pF 


C OUT1 


Output Capacitance 




6 


10 


pP 


C0UT2 


Output Capacitance 




13 


18 


pF 



A-C. CHARACTERISTICS (t a = o°c to +7o°c, v cc = +5V ± 5%) 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.HJ 


Max. 


T PD1 


Input to Output Delay DO Outputs 




15 


25 


ns 


C L =30pF,R 1 ^300n 
R 2 =600n 


Tpd2 


Input to Output Delay DB Outputs 
8216 




19 


30 


ns 


C L =300pF, R ! =9012 
R 2 = 180ft 


8226 




16 


25 


ns 


T E 


Output Enable Time 

8216 




42 - 


65 


ns 


(Note 2) 


8226 




36 


54 


ns 


(Note 3) 


T D 


Output Disable Time 




16 


35 


ns 


(Note 4) 



NOTE: 

Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 



NOTES: * 

1. Typical values are for ■ 25° C, Vfjc ~ 5.0V. 

2. DO Outputs, C L - 30pF, Rj - 300/10 Kf2, R 2 - 180/1KJ2; DB Outputs, C L - 300pF, R, = 90/10 Krt, R 2 = 180/1 Kfi. 

3. DO Outputs, C|_ - 30pF, Rj - 300/10 KSl, R 2 - 600/1K; DB Outputs, C L = 300pF, R-j = 90/10 Kn, R 2 = 180/1 Kft. 

4. DO Outputs, Cl - 5pF, Rj - 300/10 KSl, R 2 = 600/1 KfZ; DB Outputs, C L = 5pF, R 1 = 90/10 Kfi, R 2 = 180/1 Kft. 

5. This parameter is periodically sampled and not 100% tested. 

\ 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 




inteT 
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8218/8219 
BIPOLAR MICROCOMPUTER BUS 
CONTROLLERS FOR MCS-80® AND MCS-85® FAMILIES 



8218 for Use in MCS-80® Systems 

8219 for Use inMCS-85® Systems 

Coordinates the Sharing of a Common 
Bus Between Severai CPU's 



■ Reduces Component Count in 
Multimaster Bus Arbitration Logic 

■ Single +5 Volt Power Supply 

■ 28 Pin Package 



The 821 8 and 821 9 Microcomputer Bus Controllers consist of control logic which allows a bus master device such as a CPU 
or DMA channel to interface with other masters on a common bus, sharing memory and I/O devices. The 8218 and 8219 
consist of: 

1 . Bus Arbitration Logic which operates from the Bus Clock (BCLK) and resolves bus contention between devices sharing 
a common bus. 

2> Timing Logic which when initiated by the bus arbitration logic generates timing signals for the memory and I/O 
command lines to guarantee set-up and hold times of the address/data lines onto the bus. The timing logic also signals 
- to the bus arbitration logic when the current data transfer is completed and the bus is no longer needed. 
3. Output Drive Logic which contains the logic and output drivers for the memory and I/O command lines. 

An external RC time constant is used with the timing logic to generate the guaranteed address set-up and hold times on the 
bus. The 8219 can interface directly to the 8085A CPU and the 8218 interfaces to the 8080A CPU chip and the 8257 DMA 
controller. 
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□ DLYADJ 



8219 
IO/M 



§218 

(A) iOWR 

(B) MVVTR 

(C) IORR 

(D) MRDR 

(E) BCR2 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Signals Interfaced Directly to the System Bus 


- Symbol 


Type 


Name and Function 


BREQ 


0 


Bus Request: The Bus Request is used 
with a central parallel priority resolution 
circuit. It indicates that the device needs to 
access the bus for one or more data trans- 
fers. It is synchronized with the Bus Clock. 


BUSY 


I/O 


Bus Busy: Bus Busy indicates to all master 
devices on the bus that the bus is in use. It 
inhibits any other device from getting the 
bus. It is synchronized with Bus Clock. 


BCLK 


1 


Bus Clock: The negative edge of Bus Clock 
is used to synchronize the bus contention 
resolution circuit asynchronously to the 
CPU clock. It has 100ns min. period, 35%- 
65% duty cycle. It may be slowed, single 
stepped or stopped. 


BPRN 


1 


Bus Priority In: The Bus Priority In indi- 
cates to a device that no device of a higher 
priority is requesting the bus. It is syn- 
chronous with the Bus clock. 


BPRO 


0 


Bus Priority Out: The Bus Priority Out is 
used with serial priority resolution circuits. 
Priority may be transferred to the next lower 
in priority as BPRN. 


INTf 


1 


Initialize: The Initialize resets the 8218/ 
8219 to a known internal sta"te. 


MRDC 


0 


Memory Read Control: The Memory Read 
Control indicates that the Master is request- 
ing a read operation from the addressed 
location. It is asynchronous to the Bus 
Clock. 


MWTC 


0 


Memory Write Control: The Memory Write 
Control indicates that data and an address 
have been placed on the bus by the Master 
and the data is to be deposited at that loca- 
tion. It is asynchronous to the Bus Clock. 


iORC 


0 


I/O Read Control: The I/O Read Control in- 
dicates that the Master is requesting a read 
operation from the I/O device addressed. It 
is asynchronous to the Bus Clock. 


iowc 


0 


I/O Write Control: The I/O Write Control in- 
dicates that Data and an I/O device address 
has been placed on the bus by the Master 
and the data is to be deposited to the I/O 
device. It is asynchronous to the Bus Clock. 


Signals Generated or Received by the Bus Master 


BCR1/ 
BCR2 


1 


Bus Control Request: Bus Control Re- 
quest 1 or Bus Control Request 2 indicate to 
the 821 8/821 9 that the Master device is mak- 
ing a request to control the bus. BCR2 is 
active low in the 8218 (BCR2). BCR2 is ac- 
tive high in the 8219. 


RSTB 




Request Strobe: Request Strobe latches 
the status of BCR1 and BCR2 into the 
8218/8219. The strobe is active low in the 
8218 and negative edge triggered in the 
8219. 



Signals Generated or Received by the Bus Master 
(Continued) 


Symbol 


Type 


Name and Function 


atjer 


0 


Address and Data Enable: Address and 
Data Enable indicates the Master has con- 
trol of the bus. It is often used to enable 
Address and Data Buffers on the bus, It is 
synchronous with Bus Clock. 


RDD 


0 


Read Data: Read Data controls the direc- 
tion of the bi-directional data bus drivers. It 
is asynchronous to the Bus Clock. A high on 
RDD indicates a read mode by the master. 


OVRD 


I 

*> 


Override: Override inhibits automatic de- 
select between transfers caused by a higher 
priority bus request. May be used for con- 
secutive data transfers such as read- 
modify-write operations. It is asynchronous 
to the Bus Clock. 


XSTR 




Transfer Start Request: Transfer Start Re- 
quest indicates to the 8218/8219 that a new 
data transfer cycle is requested to start. It is 
raised for each new word transfer in a mul- 
tiple data word transfer. It is asynchronous, 
to the Bus Clock. 


XCP 


I 


Transfer Complete: Transfer Complete in- 
dicates to the 8218/8219 that the data has 
been received by the slave device in a write 
cycle or transmitted by the slave and re- 
ceived by master in a read cycle. It is asyn- 
chronous to the Bus Clock. 


XCY 


0 


Data Transfer: Indicates that a data trans- 
fer is in progress. It is asynchronous to the 
Bus Clock. 


WR, RD, 
IO/M 




Write, Read, IO/Memory: WRITE, READ, 
IO/Memory are the control request inputs 
used by the 8085 and are internally decoded 
by the 8219 to produce the request signals 
MRDR, MWTR, IORR, IOWR. They are asyn- 
chronous to the Bus Clock. (8219 only) 


ASRQ 


I 


Asynchronous Bus Request: Can be used 
for interrupt status from the 8085. Acts like a 
level sensitive asynchronous bus 
request — no RSTB needed. It is asynchron- 
ous to the Bus Clock. (8219 only) 


MRDR, 
MWTR, 
IORR, 
IOWR 


I 

)' 


Memory Read Request, Memory Write 
Request, I/O Read Request, or I/O Write 
Request: Indicate that address and data 
have been placed on the bus and the appro- 
priate request is being made to the ad- 
dressed device. Only one of these inputs 
should be active at any one time. They are 
synchronous to the Bus Clock. (8218 only) 


ANYR 


0 


Any Request: Any Request is the logical 
OR of the active state of MRDR, MWTR, 
IORR, IOWR. It may be tied to XSTR when 
the rising edge of ANYR is used to initiate a 
transfer. 


DL.YADJ 


I 


Delay Adjust: Delay Adjust is used for con- 
nection of an external capacitor and resis- 
tor to ground to adjust the required set-up 
and hold time of address to control signal. 



2-69 



AFN-00208C 



8218/8219 



[pemoMoiMiif 



FUNCTIONAL DESCRIPTION 

The 6218/8219 is a bipolar Bus Control Chip which 
reduces component count in the interface between a 
master device and the system Bus. (Master device: 8080, 
8085, 8257 (DMA).) 

The 8218 and 8219 serve three major functions: 

1. Resolve bus contention. 

2. Guarantee set-up and hold time of address/data lines 
to I/O and Memory read/write control signals 
(adjustable by external capacitor). 

3. Provide sufficient drive on all bus command lines. 



BPRO is used to allow lower priority devices to gain the 
bus »w hen a seria l prior ity resolving structure is used. 
BPRO would go to &PRN of the next lower priority Master. 

When prio rity is granted to the Master (a low on BPRN and 
a high on BUSY) the Master outpu ts a BU SY signal on the 
next falling edge of BCLK. The BUSY signal locks the 
master onto the bus and prohibits the enable of any other 
masters onto the bus. 

At the same ti me BUSY goes active, Address and Data 
Enable (ADEN) goe s activ e signifying that the Master has 
control of the bus. ADEN is often used to, enable the bus 
drivers. 



Bus Arbitration Logic 

Bus Arbitration Logic activity begins when the Ma ster 
makes a request for use of the bu s on BCR1 or BCR2. The 
request is strobed in by RSTB. Following the next two 
falling edges of the bus clo ck (BCLK) the 8218/8219 
outputs a bus request (BREQ) and forces Bus Priority Out 
inactive (BPRO). See Figures 1a and 1b. 

BREQ is used for requesting the bus when priority is 
decided by a parallel priprity resolver circuit. 



The Bus will be released only if the master loses priority; is 
not in the middle of a transfer, and Override is not active 
or, if the Master stops requesting the bus, is not in the 
middle of a data transfer, and Override is not active. ADEN 
then goes inactive. 

Provision has been made in the 8218 to allow bus- 
synchro nous reques ts. Th is mode is activated when 
BCR1, BCR2 and RSTB are all low. This action 
asynchronously sets the synchronization flip flop (FF2) in 
Figure 3a. 



ADEN- 



*> — ;=D 



RSTB- 



t> 



3>i 



ASYNCH. 
REQUEST 



SYNCH. 
REQUEST 



PRIORITY 

AND 
REQUEST 
LOGIC 



► BUSY 

► BREQ 



-BCLK 

-inTt 



Figure 3a. 8218 Bus Arbitration Logic 
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Figure 3b. 8219 Bus Arbitration Logic 



Timing Logic 

Timing Logic activity begins with th e rising edge of XSTR 
(Transfer Start Request) or with ADEN going a ctive, 
whichever occurs second. This action causes XCY 
(Transfer Cycle) to go active. 50-200ns later (depending on 
resistance and capacitance at DLYADJ) the appropriate 
Control Outputs will go active if the control input is active. 

XSTR can be raised after the command goes active in the 
current transfer cycle so that a new transfer can be 
initiated immediately after the current transfer is 
complete. 

A negative going edge on X CP (Tr ansfer Complete) will 
cause the Control Outputs (MRDC, etc.) to go inactive. 
50-20 0ns later (depending on capacitance at DLYADJ) 
XCY will go inactive indicating the transfer cycle is 
completed. 

Additionallbgic within t he 82 18/8219 guarantees that if a 
transfer cy cle is st arted (XCY is active), but the bus is not 
requested (BREQ is inactive) and there is no command 
request input (ANYR is output low), then the transfer cycle 
will be cleared. This allows the bus to be released in 
applications where advanced bus recfuests are generated 
but the processor enters a HALT mode. 



Control Logic 

The control outputs are generated in the 821 9 by decoding 
the 8085 system control outputs (i.e., RD, WR, IO/M) or in 
the 8218 by directly buffering the control inputs to the 
control outputs for use in an 8080 or DMA system (see 
Figures 4a and 4b). The control outputs may be held high 
(inactive) by the Timing Logic. Also the control outputs are 
enabled when the Master gains control of the bus and 
disabled when control is relinquished. 

The Control Logic also has two other outputs, ANYR (Any 
Request) and RDD (Read Data). ANYR goes high (active) if 
any control requests (IOWR, etc.) are active. RDD controls 
the direction of the Masters Bi-directional Data Bus 
Drivers. The Bus Driver will always be in the Write mode 
(RDD = Low) except from the start of a Read Control 
Request to 25 to 70ns after XCP is activated. 



MRDR- 
IORR- 

MWTR- 
IOWR- 



OUTPUT 
CONTROL 
LOGIC 



- MRDC 

► iORC 

► MWTC 

- iowc 



CONTROL 

OUTPUT 

INACTIVE 



Figure 4a. 8218 Control Logic 



DECODING 
AND 
OUTPUT 
CONTROL 
LOGIC 



► MRDC 

► IORC 

► MWTC 
- IOWC 



CONTROL 

OUTPUT 

INACTIVE 



Figure 4b. 8219 Control Logic 
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int^l 8218/8219 IPl^iyiMflM«^ 



ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°C to 70° C 

Storage Temperature -65° C to +150° C 

Supply Voltage (Vcc) -0.5V to +7V 

Input Voltage -1.0V to Vcc + 0.25V 

Output Current 100mA 



D.C. CHARACTERISTICS (T A = 0°C to 70°C; V cc 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

$V ± 5%) 







Limits 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


Vc 


Input Clamp Voltage 






-1.0 


V 


V C c = 0.0V, l c = -5 mA 


If 


Input Load Current 
MRDR/INTA/MWTR/WR 
IORR/RD, IOWR/IO/M 






-0.5 


mA 


Vcc = 5.25V 
Vf — 0.45V 




Other 






-u.o 


mA 




Ir 


Input Leakage Current 






100 


AiA 


Vcc = 5.25 
Vr = 5.25 


Vth ■ 


Input Threshold Voltage 


0.8 




2.0 


V 


Vcc = 5V 


Ice 


Power Supply Current 




200 


,240 


mA 


Vcc = 5.25V 


Vol 


Output Low Voltage 










Vcc = 4.75 




MRDC, MWTC, IORC, IOWC 






0.45 


V 


lOL - 32mA 




BREQ, BUSY 






0.45 


V 


Iol = 20mA 




XCY, RDD, ADEN 






0.45 


V 


Iol = 16mA 




BPRO, ANYR 






0.45 


V 


jOL = 3.2mA 


Voh 


Output High Voltage 










Vcc = 4.75V 




MRDC, MWTC, IORC, IOWC 


2.4 








Ioh = -2mA 




All Other Outputs 


2.4 








I OH = -400/xA 


los 


Short Circuit Output Current 


-10 




-90 


mA 


Vcc = 5.25V, Vo = 0V 


lO (OFF) 


Tri-State Output Current 






-100 


mA 


Vcc = 5.25V, Vo = ,0.45V 










+100 


mA 


Vcc = 5.25V, Vo = 5.25V 




Input Capacitance Except Busy 




10 


20 


. pF 




C|0 


Input Capacitance Busy 




25 


35 


PF 





8218/8219 XSTR TO OUTPUT DELAY (T SC d) 



175 




0 100 200 300 400 500 600 700 800 900 
OHMS 



One Shot Delay Versus Delay Adjust Capacitance And Resistance 
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8218/8219 



[PG&OIMOIMIW 



A.C. CHARACTERISTICS (T A = o°c to 70°C; v cc = 5V ± 5%) 



Symbol 


Parameter 


Limits 


Unit 


Toftt Conditions 


Min. 


Tvd 


Max. 


tBCY 


Ru^ filnok Ox/pIp Time» 


100 










tpw 


Rnc f*.\r\r\t Pi ilea WiHth 


35 




0.65 tBCY 






tRQS 


RSTB to BCLK Set-Up Time 


25 






ns 




tcss 


RHRi nnrl RP.Ro tn RQTR 
Dun i aliU Dun2 IW no 1 D 

Set-Up Time 


15 


• 




ns 




tCSH 


□ pp. onrl RPPo tn PCTR 
DOn1 alio IU no 1 D 

Hold Time 


15 






ns 




tRQD 


BCLK to BREQ Delay 






35 


ns 




tPRNS 


BPRN to BCLK Set-UD Time 


23 






ns 




tBNO 


BRPN to BPRO Delay 






30 


ns 




tBYD 


BCLK to BUSY Delay 






55 


ns 




tCAD 


MRDR, MWTR, IORR, IOWR 
to ANYR Delay 






30 


ns 




tsxD 


XSTR to XCY Delay 






40 


ns 




tSCD 


XSTR to MRDC, MWTC, IORC, 
IOWC Delay 


50 




200 


ns 


Adjustable by External R/C 


txsw 


XSTR Pulse Width 


30 






ns 




tXCD 


XCP to MRDC, MWTC, IORC, 
IOWC Delav 

1 VVV w L/vl CI y 






50 


ns 




txcw 


VHP PiiIqp WiHth 


35 






ns 




tCCD 


XCP to XCY Delay 


50 




200 


ns 


Adjustable by External R/C 


tCMD 


MRDR, MWTR, IORR, IOWR 
to MRDC, MWTC, IORC, IOWC 






35 


ns 




tCRD 


MRDR, MWTR, IORR, IOWR 
to RDD Delay 






25 


ns 




tRW 


RSTB Min. Neg. Pulse Width 


30 






ns 




tCPD 


BCLK to BPRO Delay 






40 


ns 




tXRD 


XCP to RDD Delay 


25 




70 


ns 





A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 




A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 ' AND 0 45V FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 1 5V FOR BOTH A 
LOGIC 1 AND 0 ' 



DEVICE 
UNDER 
TEST 



Vi = 2 4V 
R L = 750ft 
C L = 100 pF 

Cl INCLUDES JIG CAPACITANCE 
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8218/8219 



WAVEFORMS 



SYNCHRONOUS BUS TIMING (System Bus Previously Not In Use) 



k— tpw— 4 



"\ r 



/ REQUEST FOR ACQUISITION OF THE BUS 



«BNO"^» k 'BNO 



J 



tcPD 



CONTROL CYCLE (System Bus Previously Not In Use) 



MRDR MWTR 
iORR IOWR 



MRDC MWTC 
IORC iowc 



f 



Jf 

X 



X 



J 



x 



j 



X 
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8218/8219 



WAVEFORMS (Continued) 

__ — , 1— 

BUS CONTROL EXCHANGE (Master No. 1 Leaving Bus And Master No. 2 Getting On Bus) 
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8218/8219 



MEUBflll 



8224 
READY 



6 



01 

02 

READY 



V 



MEMR 

MEMW 

STSB IOR 



i 



MRDR 


MRDC 


MWTR 


MWTC 


IORR 


IORC 


IOWR 


IOWC 


BCR1 


BREQ 


BCR2 


BUSY 


8218 






BCLK 


RSTB 
ADEN 


BPRN 


DLYADJ 


BPRO 


XCP 




XSTR 




ANYR , N|T 





- RESET 

- XACK 
(TRANSFER 
ACKNOWLEDGE) 



MCS-80® CPU With 8218 



A- 
V 



WR 
RD 
IO/M 
INTA 
ALE 
So 



T 



WR 


MRDC 


RD 


MWTC 


\0/Nl 


IORC 


ASRQ 


IOWC 


RSTB 




BCR1 


BREQ 


BCR2 






BUSY 


8219 






BCLK 


ADEN 


§PRN 


DLYADJ 




XCP 


BPRO 


XSTR 




ANYR j^pf 





- RESET 
-XACK 

(TRANSFER 

ACKNOWLEDGE) 



MCS-85® CPU With 8219 
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intel 



8218/8219 IPKILOIMIONlM^f 



J 



c 



WR 
RD 
IO/M 

Inta 

ALE 
So 
Si 



READY IS SET UP 
FOR LOCAL 
MEMORY THAT 
NEEDS NO WAIT 
STATES 



BUS 
ACCESS 
DECODE 
LOGIC 




USE FALLING EDGE OF ALE TO INITIATE DECODE 
LOGIC'S SELECTION OF THE BUS 



m 

- / 



1Z 



c 



WR RDD MRDC 
RD MWTC 
IO/M IORC 










ASRQ IOWC 
RSIB 

BCR1 BREQ 

BCR2 BUSY 
8219 

BCLK 










ADEN BPRN 
DLYADJ 

BPRQ 

xcp DrMU 

XSTR 

ANYR TNTf 







✓ 



LEVEL ACTIVATED 
LATCH 
, "TRANSPARENT" 
FLIP FLOP 



T0BCR2 
AND XSTR 
AND GATE 



- RESET 

-Rack 

(TRANSFER 
ACKNOWLEDGE) 



MCS-85® CPU With 8219 Using Local Memory 
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TO/FROM HIGHEST 
PRIORITY BUS MASTER 



li 



REQUEST 


ADEN 


8218 

BUSY BPR 


0" BCLK 



li 



REQUEST 


ad~en 


8219 




BUSY BPRN" BP? 


(0 ICTK 



"DAISY CHAIN " CONFIGURATION 



li 



REQUEST 


ADEN 


8219 




§U§Y BREQ BPRN 


BCLK 



11 



REQUEST ADEN 
8218 

BUSY BREQ BPRN BCLK 



PRIORITY 

RESOLVING 

LOGIC 



PARALLEL REQUEST CONFIGURATION 



11 



REQUEST 


ADEN 


8218 




BUSY BPRN 


BCLK 



REQUEST ADEN 
8219 

BUSY BREQ BPRN BCLK 



TWo Methods of Connecting Multiple 821 8/821 9' s To Resolve Bus Contention Among Multiple Masters 
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8224 

CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 



Single Chip Clock Generator/Driver for 
8080A CPU 

Power-Up Reset for CPU 
Ready Synchronizing Flip-Flop 
Advanced Status Strobe 



■ Oscillator Output for'External System 
Timing 

■ Crystal Controlled for Stable System 
Operation 

■ Reduces System Package Count 

■ Available in EXPRESS 

- Standard Temperature Range 



The Intel® 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by the 
designer to meet a variety of system speed requirements. 

Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready. 

The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 8080A. 



|Tf> XTAL1 
[l4> XTAL2 — 
[l?> TANK 



CLOCK 
GEN. 



4> 2 D 0,A 



[|^> SYNC - 
f£> RESIN ^» 

(T> RDYIN 



SCHMITT 
INPUT 




D Q 



-OSC [T?> 

-*i E> 

-0 2 [l0> 
-0 2 (TTL)[?> 

STSTB [7> 

- RESET (T> 

- READY [7> 



RESET | " 


1 


16 


ZZKc 


RESIN j 


2 


15 


I XTAL 1 


RDYIN | 


3 


14 


I XTAL 2 


READY | 


4 


13 


| TANK 


SYNC| 




8224 




5 


12 


lose 


0 2 (TTU | 


6 


11 




STSTB [ 


7 


10 




gnd| 


8 


9 


Z1 V DD 



RESIN 


RESET INPUT 






RESET 


RESET OUTPUT 




XTAL 1 


( CONNECTIONS 


RDYIN 


READY INPUT 




XTAL 2 


( FOR CRYSTAL 


READY 


READY OUTPUT 




TANK 


USED WITH OVERTONE XTAL 


SYNC 


SYNC INPUT 




OSC 


OSCILLATOR OUTPUT 


STSTB 


STATUS STB 




02 (TTL) 


<t> 2 CLK (TTL LEVEL) 




(ACTIVE LOW) 




V CC * 


+5V 


4>\ 


{8080 




v DD 


+12V 


02 


i CLOCKS 




GND 


ov 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 'NOTICE: Stresses above those listed under "Absolute 

Maximum Ratings" may cause permanent damage to the 
Temperature Under Bias 0°C to 70°C device. This is a stress rating only and functional opera- 
Storage Temperature -65°C to 1 50°C . tion of the device at these or any other conditions above 

Supply Voltage, V C c -0.5V to +7V those indicated in the operational sections of this specifi- 

Supply Voltage, Vdd -0.5V to +1 3.5V car/on is not implied. Exposure to absolute maximum 

I nput Voltage - 1 .5V to +7V rating conditions for extended periods may affect device 

Output Cu rrent « 1 00mA reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = +5.0V ±5%, v DD = +12V ±5%) 







Limits 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


If 


Input Current Loading 






-.25 


mA 


V F = .45V 


Ir 


Input Leakage Current 






10 


liA 


V R = 5.25V 


v c 


Input Forward Clamp Voltage 






1.0 


V 


lc = -5mA 


V|L 


Input "Low" Voltage 






.8 


V 


V cc = 5.0V 


V| H 


Input "High" Voltage 


2.6 
2.0 






V 


Reset Input 
All Other Inputs 


V|H-V, L 


RESIN Input Hysteresis 


.25 






V 


V CC = 5.0V 


Vol 


Output "Low" Voltage 






.45 
.45 


V 
V 


(01,02)* Ready, Reset, ST STB 

Iql =2.5mA , 

All Other Outputs 

Iql = 15mA 


VfJH 


Output "High" Voltage 

01 , 02 

READY, RESET 
All Other Outputs 


9.4 
3.6 
2.4 






V 
V 
V 


Iqh = -100mA 
I 0 h = - 100m A 
Iqh = -1mA 


lsc [1] 


Output Short Circuit Current 
(All Low Voltage Outputs Only) 


-10 




-60 


mA 


V 0 =ov 

V CC = 5.0V 


•cc 


Power Supply Current 






115 


mA 




•dd 


Power Supply Current 






12 


mA 





Note: 1 . Caution, 0-j and 02 output drivers do not have short circuit protection 



Crystal Requirements 

Tolerance: 0.005% at 0°C-70°C 
Resonance: Series (Fundamental)* 
Load Capacitance: 20-35 pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4 mW 

*With tank circuit use 3rd overtone mode. 
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A.C. CHARACTERISTICS (v cc = +5.0V ±5%, v D0 = +12.OV ±5%, T A = o°c to 70°C) 



Symbol 


Parameter 


Limits 


Units 


Test 
Conditions 


Min. 


Typ. 


Max. 




01 Pulse Width 


?£Y-20ns 
9 






ns 


Ci = 20 dF to 50 nF 


t02 


02 Pulse Width 


5tcy OI - 
=— 35ns 
9 






tD1 


01 to 02 Delay 


0 






t-02 


02 to 0-j Delay 


14ns 

9 






tQ3 


01 to 02 Delay 


2tcy 
9 




^ + 20ns 
9 


tR 


01 and 02 Rise Time 






20 




(hi anH d)^ Fall Timp 

Y'J 01 IW TTV Oil 1 IIIIC 






20 


*D</>2 


02 to 02 (TTL) Delay 


-5 




+15 


ns 


0 2 TTL,CL=3O 
R 1=30012 
R 2 =600n 


*DSS 


02 to STSTB Delay 
• 


^V-30ns 
9 




6tcy 
9 






tpw 


STSTB Pulse Width 


— — 1 ons 
9 








STSTB, CL=15pF 
R1 = 2K 
R 2 = 4K 


*DRS 


RDYIN Setup Time to 
Status Strobe 


CA 4tcy 

50ns - 

9 






*DRH 


RDYIN Hold Time 
After STSTB 


4tcy 
9 






*DR 


RDYIN or RESIN to 
02 Delay 


^-25ns 
9 








Ready & Reset 
CD=10pF 
Rl=2K 
R 2 =4K 


tCLK 


CLK Period 




tcy 
9 








fmax 


Maximum Oscillating 
Frequency 






27 


MHz 




C ln 


Input Capacitance 






8 


PF 


V CC =+5.0V 
V DD =+12V 
V B IAS=2.5V 
f=1MHz 
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A.C. CHARACTERISTICS (Continued) (For t C y = 488.28 ns) (t a = o°c to 70°c, v DD = +5V ±5%; 

V DD = +12V±5%) 







Limits 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


V1 


0! Pulse Width 


89 






ns 




t CY =488.28ns 


x 4>2 


02 Pulse Width 


236 






ns 






tD1 


Delay 0i to 0 2 


0 






ns 






tQ2 


Delay 02 to 01 


95 






ns 




_ 01 & 02 Loaded to 


tD3 


Delay 01 to 02 Leading Edges 


109 




129 


ns 




\-»L — £\j to oupr 


tr 


Output Rise Time 






20 


ns 






tf 


Output Fall Time 






20 


ns 






tDSS 


0 2 to STSTB Delay 


296 




326 


ns 




x O<t>2 


02 to 02 (TTL) Delay 


-5 




+15 


ns 




tpw 


Status Strobe Pulse Width 


40 






ns 


Ready & Reset Loaded 
to 2mA/10pF 


tDRS 


RDYIN SetupTimeto STSTB 


-167 






ns 


tQRH 


RDYIN Hold Time after STSTB 


217 






ns 


AM measurements 


tDR 


READY or RESET 
to 02 Delay 


192 






ns 


referenced to 1.5V 
unless specified 
otherwise. 


f MAX 


Oscillator Frequency 






18.432 


MHz 





A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



/ 4 

^> TEST POINTS <^ 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC " 1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1 " 
AND 0.8V FOR A LOGIC "0" (UNLESS OTHERWISE NOTED). 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



C L INCLUDES JIG CAPACITANCE 
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8224 



WAVEFORMS 



/ 



i3F 



RDYINOR RESIN 



|s, C3t i 



X 



VOLTAGE MEASUREMENT POINTS: <*>2 Logic "0" = 1.0V, Logic "1" = 8.0V. All other signals measured at 1.5V. 
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8228/8238 

SYSTEM CONTROLLER AND BUS DRIVER 
FOR 8080A CPU 



■ Single Chip System Control for 
MCS-80® Systems 

■ Built-in Bidireotional Bus Driver for 
Data Bus Isolation 

■ Allows the Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 



■ User Selected Single Level Interrupt 
Vector (RST7) 

■ 28-Pin Dual In-Line Package 

■ Reduces System Package Count 

■ 8238 Had Advanced IOW/MEMW for 
Large System Timing Control 

■ Available in EXPRESS 

- Standard Temperature Range 



The Intel 9 8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly Interface MCS-80 family RAM, ROM, and I/O components. 

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system 
requirements. The 8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 

The 8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable design of the MCS-80 systems. 

Note: The specifications for the 3228/3238 are identical with those for the 8228/8238 



CPU 
DATA 
BUS 



— OB 6 

— OB 7 



SYSTEM DATA BUS 



DRIVER CONTROL 



StStB • 
DBIN - 

m ■ 

HLDA - 



MEM R 
MEM W 

l76~R 

iTow 

60517} 

inTa 



STSTB 
HLDA C 
WR C 

DBIN f~ 
DB4 C 

04 C 
DB7 C 

D7 £ 
DB3 C 

03 C 
DB2 (3 

DB0C 

gndC 



2p 



□ v cc 

I]i76vv 

□ mTmw 
3 iTor 

^2 MEMR 
3 INTA 
2} BUSEN 

□ D6 

□ DB6 

□ OB 

D° 85 

□ oi 

□ DB| 

□ d* 



D7D0 


DATA BUS (8080 SIDE) 




INTA 


INTERRUPT ACKNOWLEDGE 


DB7 DBO 


DATA BUS (SYSTEM SIDE) 




HLDA 


HLDA (FROM 8080) 


l/OR 


I/O READ 




m 


WR (FROM 8080) 


l/OW 


I/O WRITE 




BUSEN 


BUS ENABLE INPUT 


MEMR 


MEMORY READ 




STSTB 


STATUS STROBE (FROM 8224) 


MEMW 


MEMORY WRITE 




Vcc 


♦5V 


DBIN 


DBIN (FROM 8080) 




GND 


0 VOLTS 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device, this is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not limited. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = 5V ±5%) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Mm. 


1 yp.i • j 


Max. 


v c 


Input Clamp Voltage, All Inputs 




.75 


-1.0 


V 


V CC =4.75V; l c =-5mA 


If , 


Input Load Current, 
STSTB 






500 


uA 


= 5 25V 
V CC 3,wv 

V F =0.45V 


D 2 &D 6 






750 


MA 


D 0 , D^D^ D 5 , 
& D7 






250 


ma 


All Other Inputs 






250 


ma 


•r 


Input Leakage Current 
STSTB 






100 


/iA 


V CC = 5.25 V 
V R = 5.25V 


L)Bo-DB 7 






20 


MA 


All Other Inputs 






100 


ma 




V T h 


Input Threshold Voltage, All Inputs 


0.8 




2.0 


V 


V CC = 5V 


•cc 


Power Supply Current 




140 


190 


mA 


V CC =5.25V 


Vol 


Output Low Voltage, 
D0-D7 






.45 


V 


V CC =4.75V; l 0L =2mA 


All Other Outputs 






.45 


V 


l O L = 10mA 


V 0 H 


Output High Voltage, 
D 0 -D 7 


3.6 


3.8 




V 


V C c=4.75V;l O H=-10iuA 


All Other Outputs 


2.4 






V 


l 0 H = -1mA 


tos 


Short Circuit Current, All Outputs 


15 




90 


mA 


V CC =5V 


to (off) 


Off State Output Current, 
All Control Outputs 






100 


MA 


V C c=5.25V;V 0 =5.25 


-100 


ma 


V 0 =.45V 


l|NT 


INTA Current 






5 


mA 


(See INTA Test Circuit) 



Note 1 • Typical values are for Ta - 25°C and nominal supply voltages. 



ABSOLUTE MAXIMUM RATINGS 4 



Temperature Under Bias -0°C to 70 °C 

Storage Temperature -65°C to 150°C 

Supply Voltage, V cc - 0.5V to + 7V 

Input Voltage -1.5V to +7V 

Output Current 100 m A 
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CAPACITANCE (V B | A S = 2.5V, V C c = 5.0V, T A = 25°C, f = 1 MHz) 
This parameter is periodically sampled and not 100% tested. 







Limits 




Symbol 


Parameter 


Min. 


Typ.m 


Max. 


Unit 


C|N 


Input Capacitance 




8 


12 


pF 


COUT 


Output Capacitance 
Control Signals 




7 


15 


PF 


I/O 


I/O Capacitance 
(Dor DB) 




8 


15 


PF 



A.C. CHARACTERISTICS (T A = o°c to 70°c, v c c = 5V ±5%) 



Symbof 


Parameter 


Limits 


Units 


Condition 


Min. 


. Max. 


tpw 


Width of Status Strobe 


22 




ns 




tss 


Setup Time, Status Inputs D0-D7 


8 




ns 




tSH 


Hold Time, Status Inputs Dq-D 7 


5 




ns 




*DC 


Delay from STSTB to any Control Signal 


20 


60 


ns 


C L « 100pF 


*RR 


Delay from DBIN to Control Outputs 




30 


ns 


C L = 100pF 


tRE 


Delay from DBIN to Enable/Disable 8080 Bus 




45 


ns 


C L = 25pF 


tRD 


Delay from System Bus to 8080 Bus during Read 




30 


ns 


C L = 25pF 


tWR 


Delay from WR to Control Outputs 


5 


45 


ns 


C L = 100pF 


t WE 


Delay to Enable System Bus DB 0 -DB 7 after STSTB 




30 


ns 


C L = 100pF 


twD 


Delay from 8080 Bus D 0 -D 7 to System Bus 
DB0-DB7 during Write 


5 


40 


ns 


C L = lOOpF 


tE 


Delay from System Bus Enable to System Bus DB0-DB7 




30 


ns 


C L = 100pF 


tHD 


HLDA to Read Status Outputs 




25 


ns 




X DS 


Setup Time, System Bus Inputs to HLDA 


10 




ns 






Hold Time, System Bus Inputs to HLDA 


20 




ns 


C L = 100pF 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 




For D0-D7: R1 = AKfl, R2 = 

Cl - 25pF. For all other outputs: 

R1 =500f2, R 2 = 1K.n,CL= 100pF. 




INTA Test Circuit (for RST 7) 
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WAVEFORM 



SYSTEM BUS DURING READ 



8080 BUS DURING READ 



IOW OR MEM W 



8080 BUS DURING WRITE 



SYSTEM BUS ENABLE 



SYSTEM BUS DURING WRITE f> < 



<z>c > 



-4 



TV 



SYSTEM BUS OUTPUTS < 



> 




VOLTAGE MEASUREMENT POINTS: Dq-D 7 (when outputs) Logic "0" = 0.8V, Logic "1" = 3.0V. All other signals measured 

at 1.5V. 



*ADVANCED IOW/MEMW FOR 8238 ONLY. 



2-87 



AFN-00213C 



intel 



8237A/8237A-4/8237A-5 
HIGH PERFORMANCE 
PROGRAMMABLE DMA CONTROLLER 



i Enable/Disable Control of Individual 
DMA Requests 

Four Independent DMA Channels 

Independent Autoinitialization of all 
Channels 

Memory-to-Memory Transfers 
Memory Block Initialization 
Address Increment or Decrement 



High performance: Transfers up to 1.6M 
Bytes/Second with 5 MHz 8237A-5 
Directly Expandable to any Number of 
Channels 

End of Process Input for Terminating 
Transfers 

Software DMA Requests 

i Independent Polarity Control for DREQ 

and DACK Signals 
i Available in EXPRESS 

- Standard Temperature Range 



The 8237A Multimode Direct Memory Access (DMA) Controller Is a peripheral interface circuit for microprocessor sys- 
tems. It is designed to improve system performance by allowing external devices to directly transfer information from 
the system memory. Memory-to-memory transfer capability is also provided. The 8237A offers a wide variety of pro- 
grammable control features to enhance data throughput and system optimization and to allow dynamic reconfigura- 
tion under program control. 

The 8237A is designed to be used in conjunction with an external 8-bit address register such as the 8282. It contains 
four independent channels and may be expanded to any number of channels by cascading additional controller chips. 

The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can be 
individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 

Each channel has a full 64K address and word count capability. 

The 8237A-4 and 8237A-5 are 4 MHz and 5 MHz selected versions of the standard 3 MHz 8237A respectively. 




Figure 1. Block Diagram 



Figure 2. 
Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


v C c 




Power: + 5 volt supply. 


Vss 




Ground: Ground. 


CLK 




Clock Input: Clock Input controls 
the internal operations of the 
8237A and its rate of data trans- 
fers. The input may be driven at up 
to 3 MHz for the standard 8237A 
and up to 5 MHz for the 8237A-5. 


CS 


I 


Chip Select: Chip Select is an ac- 
tive low input used to select the 
8237A as an I/O device during the 
idle cycle. This allows CPU com- 
munication on the data bus. 


RESET 


I 


Reset: Reset is an active high in- 
put which clears the Command, 
Status, Request and Temporary 
registers. It also clears the 
first/last flip/flop and sets the 
Mask register. Following a Reset 
the device is in the Idle cycle. 


READY 


I 


Ready: Ready is an input used to 
extend the memory read and write 
pulses from the 8237A to accom- 
modate slow memories or I/O per- 
ipheral devices. Ready must not 
make transitions during its speci- 
fied setup/hold time. 


HLDA 




Hold Acknowledge: The active 
high Hold Acknowledge from the 
CPU indicates that it has relin- 
quished control of the system 
busses. 


DREQ0-DREQ3 


I 


DMA Request: The DMA Request 
lines are individual asynchronous 
channel request inputs used by pe- 
ripheral circuits to obtain DMA 
service. In fixed Priority, DREQO 
has the highest priority and 
DREQ3 has the lowest priority. A 
request is generated by activating 
the DREQ line of a channel. DACK 
will acknowledge the recognition 
of DREQ signal. Polarity of DREQ 
is programmable. Reset intializes 
these lines to active high. DREQ 
must be maintained until the corre- 
sponding DACK goes active. 


DB0-DB7 


I/O 


Data Bus: The Data Bus lines are 
bidirectional three-state signals 
connected to the system data bus. 
The outputs are enabled in the Pro- 
gram condition during the I/O Read 
to output the contents of an Ad- 
dress register, a Status register, 
the Temporary register or a Word 
Count register to the CPU. The out- 
puts are disabled and the inputs 
are read during an I/O Write cycle 
when the CPU is programming the 
8237A control registers. During 
DMA cycles the most significant 8 
bits of the address are output onto 
the data bus to be strobea into an 
external latch by ADSTB. In mem- 



Symbol 



IOR 



IOW 



EOP 



A0-A3 



Type 



I/O 



I/O 



I/O 



I/O 



Name and Function 



ory-to-memory operations, data 
from the memory comes into the 
8237A on the data bus during the 
read-from-memory transfer. In the 
write-to-memory transfer, the data 
bus outputs place the data into the 
new memory location. 



I/O Read: I/O Read is a bidirec- 
tional active low three-state line. In 
the Idle cycle, it is an input control 
signal used by the CPU to read the 
control registers. In the Active cy- 
cle, it is an output control signal 
used by the 8237A to access data 
from a peripheral during a DMA 
Write transfer. 



I/O Write: I/O Write is a bidirec- 
tional active low three-state line. In 
the Idle cycle, it is an input control 
signal used by the CPU to load in- 
formation into the 8237 A. In the Ac- 
tive cycle, it is an output control 
signal used by the 8237A to load 
data to the peripheral during a 
DMA Read transfer. 



End of Process: End of Process is 
an active low bidirectional signal. 
Information concerning the com- 
pletion of DMA services is a vail- 
able at the bidirectional EOP pin. 
The 8237A allows an external sig- 
nal to terminate an active DMA 
service. Th is is accomplished' by 
pulling t he E OP input low with an 
external EOP signal. The 8237A al- 
so generates a pulse when the ter- 
minal count (TC) for any channel is 
reached. This generates an EOP 
sign al which is output throug h the 
EOP Line. The reception of EOP, 
either internal or external, will 
cause the 8237A to terminate the 
service, reset the request, and, if 
Autoinitialize is enabled, to write 
the base registers to the current 
registers of that channel. The mask 
bit and TC bit in the status word 
will be set for t he currently active 
channel by EOP unless the channel 
is programmed for Autoinitialize. In 
that case, the mask bit remains un- 
changed. During memory-to-memory 
transfers, EOP will be output when 
the TC for channel 1 occurs. EOP 
should be tied high with a pull-up 
resistor if it is not used to prevent 
erroneous end of process inputs. 



Address: The four least significant 
address lines are bidirectional 
three-state signals. In the Idle cy- 
cle they are inputs and are used by 
the CPU to address the register 
to be loaded or read. In the Active 
cycle they are outputs and provide 
the lower 4 bits of the output 
address. 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


A4-A7, 


0 


Address: The four most significant 
address lines are three-state out- 
puts and provide 4 bits of address. 
These lines are enabled only during 
the DMA service. 


HRQ 


0 


Hold Request: This is the Hold Re- 
quest to the CPU and is used to re- 
quest control of the system bus. If 
the corresponding mask bit is 
clear, the presence of any valid 
DREQ causes 8237A to issue the 
HRQ. After HRQ goes active at 
least one clock cycle (TCY) must 
occur before HLDA goes active. 


DACK0-DACK3 


0 


DMA Acknowledge: DMA Ac- 
knowledge is used to notify the in- 
dividual peripherals when one has 
been granted a DMA cycle. The 
sense of these lines is program- 
mable. Reset initializes them to ac- 
tive low. 



FUNCTIONAL DESCRIPTION 

The 8237A block diagram includes the major logic 
blocks and all of the internal registers. The data inter- 
connection paths are also shown. Not shown are the 
various control signals between the blocks. The 8237A 
contains 344 bits of internal memory in the form of 
registers. Figure 3 lists these registers by name and 
shows the size of each. A detailed description of the 
registers and their functions can be found under 
Register Description. 



Name 


Size 


Number 


Base Address Registers 


16 bits 




Base Word Count Registers 


16 bits 




Current Address Registers 


16 bits 




Current Word Count Registers 


16 bits 




Temporary Address Register 


16 bits 




Temporary Word Count Register 


16 bits 




Status Register 


8 bits 




Command Register 


8 bits 




Temporary Register 


8 bits 




Mode Registers 


6 bits 




Mask Register 


4 bits 




Request Register 


4 bits 





Figure 3. 8237A Internal Registers 

The 8237A contains three basic blocks of corttrol logic. 
The Timing Control block generates internal timing and 
external control signals for the 8237A. The Program 
Command Control block decodes the various com- 
mands given to the 8237A by the microprocessor prior 
to servicing a DMA Request. It also decodes the Mode 
Control word used to select the type of DMA during the 
servicing. The Priority Encoder block resolves priority 
contention between DMA channels requesting service 
simultaneously. 

The Timing Control block derives internal timing from 
the clock input. In 8237A systems this input will usually 



Symbol 


Type 


Name and Function 


AEN 


0 


Address Enable: Address Enable 
enables the 8-bit latch containing 
the upper 8 address bits onto the 
system address bus. AEN can also 
be used to disable other system bus 
drivers during DMA transfers. AEN 
is active HIGH. 


ADSTB 


0 


Address Strobe: The active high, 
Address Strobe is used to strobe the 
upper address byte into an external 
latch. 


MEMR 


0 


Memory Read: The Memory Read 
signal is an active low three-state 
output used to access data from the 
selected memory location during a 
DMA Read or a memory-to-memory 
transfer. 


MEMW 


0 


Memory Write: The Memory Write 
is an active low three-state output 
used to write data to the selected 
memory location during a DMA 
Write or a memory-to-memory 
transfer. 



be the <£2 TTL clock from an 8224 or CLK from an 
8085AH or 8284A. For 8085AH-2 systems above 3.9 M Hz, 
the 8085 CLK(OUT) does not satisfy 8237A-5 clock LOW 
and HIGH time requirements. In this case, an external 
clock should be used to drive the 8237A-5. 

DMA Operation 

The 8237A is designed to operate in two major cycles. 
These are called Idle and Active cycles. Each device cy- 
cle is made up of a number of states. The 8237A can 
assume seven separate states, each composed of one 
full clock period. State I (SI) is the inactive state. It is 
entered when the 8237A has no valid DMA requests 
pending. While in SI, the DMA controller is inactive but 
may be in the Program Condition, being programmed by 
the processor. State SO (SO) is the first state of a DMA 
service. The 8237A has requested a hold but the pro- 
cessor has not yet returned an acknowledge. The 8237A 
may still be programmed until it receives HLDA from the 
CPU. An acknowledge from the CPU will signal that 
DMA transfers may begin. S1, S2, S3 and S4 are the 
working states of the DMA service. If more time is 
needed to complete a transfer than is available with nor- 
mal timing, wait states (SW) can be inserted between S2 
or S3 and S4 by the use of the Ready line on the 8237A. 
Note that the data is transferred directly fr om the I/O 
device to m emor y (or vice versa) with IOR and MEMW (or 
MEMR and (OW) being active at the same time. The data 
is not read into or driven out of the 8237A in l/O-to- 
memory or memory-to-l/O DMA transfers. 

Memory-to-membry transfers require a read-from and a 
write-to-memory to complete each transfer. The states, 
which resemble the normal working states, use two 
digit numbers for identification. Eight states are re- 
quired for a single transfer. The first four states (S11, 
S12, S13, S14) are used for the read-from-memory half 



2-90 



AFN-00789D 



8237A/8237A-4/8237A-5 



and the last four states (S21, S22, S23, S24) for the write- 
to-memory half of the transfer. 

IDLE CYCLE 

When no channel is requesting service, the 8237A will 
enter the Idle cycle and perform "SI" states. In this 
cycle the 8237A will sample the DREQ lines every clock 
cycle to determine if any channel is requesting a DMA 
service. The device will also sample CS, looking for an 
attempt by the microprocessor tojyvrite or read the inter- 
nal registers of the 8237 A. When CS is low and HLDA is 
low, the 8237A enters the Program Condition. The CPU 
can now establish, change or inspect the internal defini- 
tion of the part by reading from or writing to the internal 
registers. Address lines A0-A3 are inputs to the device 
and sele ct w hich registers will be read or written. The 
IOR and IOW lines are used to select and time reads or 
writes. Due to the number and size of the internal regis- 
ters, an internal flip-flop is used to generate an addi- 
tional bit of address. This bit is used to determine the 
upper or lower byte of the 16-bit Address and Word 
Count registers. The flip-flop is reset by Master Clear or 
Reset. A separate software command can also reset this 
flip-flop. 

Special software commands can be executed by the 
8237A in the Program Condition. These com mands are 
decoded as sets of addresses with the CS and IOW. The 
commands do not make use of the data bus. Instruc- 
tions include Clear First/Last Flip-FLop and Master 
Clear. 

ACTIVE CYCLE 

When the 8237 A is in the Idle cycle and a non-masked 
channel requests a DMA service, the device will output 
an HRQ to the microprocessor and enter the Active cy- 
cle. It is in this cycle that the DMA service will take 
place, in one of four modes: 

Single Transfer Mode — In Single Transfer mode the 
device is programmed to make one transfer only. The 
word count will be decremented and the address dec- 
remented or incremented following each transfer. When 
the word count "rolls over" from zero to FFFFH, a Ter- 
minal Count (TC) will cause an Autoinitialize if the chan- 
nel has been programmed to do so. 

DREQ must be held active until DACK becomes active in 
order to be recognized. If DREQ is held active through- 
out the single transfer, HRQ will go inactive and release 
the bus to the system. It will again go active and, upon 
receipt of a new HLDA, another single transfer will be 
performed, in 8080A, 8085AH, 8088, or 8086 system this 
will ensure one full machine cycle execution between 
DMA transfers. Details of timing between the 8237A and 
other bus control protocols will depend upon the char- 
acteristics of the microprocessor involved. 

Block Transfer Mode — In Block Transfer mode the 
device is activated by DREQ to continue making trans- 
fers during the service until a TC, caused by word count 
going to FFFFH, or an external End of Process (EOP) is 
encountered. DREQ need only be held active until DACK 



becomes active. Again, an AutoinitiaiJzation will occur 
at the end of the service if the channel has been pro- 
grammed for it. 

Demand Transfer Mode — In Demand Transfer mode the 
device is programm ed to continue making transfers 
until a TC or external EOP is encountered or until DREQ 
goes inactive. Thus transfers may continue until the I/O 
device has exhausted its data capacity. After the I/O 
device has had a chance to catch up, the DMA service is 
re-established by means of a DREQ. During the time 
between services when the microprocessor is allowed 
to operate, the intermediate values of address and word 
count are stored in the 8237A Curren t Ad dress and Cur- 
rent Word Count registers. Only an E OP c an cause an 
Autoinitialize at the end of the service. EOP is generated 
either by TC or by an external signal. 

Cascade Mode-This mode is used to cascade more than one 
8237 A together for simple system expansion. The HRQ and 
HLDA signals from the additionaf8237A are connected to the 
DREQ and DACK signals of a channel of the initial 8237A. 
This allows the DMA requests of the additional device to 
propagate through the priority network circuitry of the preced- 
ing device. The priority chain is preserved and the new device 
must wait for its turn to acknowledge requests. Since the 
cascade channel of the initial 8237A is used only for prior- 
itizing the additional device, it does not output any address 
or control signals of its own. These could conflict with the 
outputs of the active channel in the added device. The 8237A 
will respond to DREQ and DACK but all other outputs except 
HRQ will be disabled. The ready input is ignored. 

Figure 4 shows two additional devices cascaded into an 
initial device using two of the previous channels. This 
forms a two level DMA system. More 8237 As could be 
added at the second level by using the remaining chan- 
nels of the first level. Additional devices can also be 
added by cascading into the channels of the second 
level devices, forming a third level. 



2ND LEVEL 



MICROPROCESSOR 


1ST LEVEL 


8237A 














HRQ DREQ 




HRQ 












HLDA DACK 




HLOA 


\ 










8237A 










DREQ 




HRQ 








DACK 




HLDA 








INITIAL DEVICE 


8237A 



ADDITIONAL 
DEVICES 



Figure 4. Cascaded 8237As 
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TRANSFER TYPES 

Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and Verify. 
Write transfe rs move data from and I/O device to the memory 
by activating MEMW and R5R. Read tr ansfers mov e dat a from 
memory to an I/O device by activating MEMR and IOW. Verify 
transfers are pseudo transfers. The 8237A operates as in 
Read or Write transfers generating addresses, and responding 
to EOP, etc. However, the memory and I/O control lines all 
remain inactive. The ready input is ignored in verify mode. 



which fixes the channels in priority order based upon the 
descending value of their number. The channel with the lowest 
priority is 3 followed by 2, 1 and the highest priority channel, 
0. After the recognition of any one channel for service, the 
other channels are prevented from interferring with that ser- 
vice until it is completed. 

The second scheme is Rotating Priority. The last chan- 
nel to get service becomes the lowest priority channel 
with the Others rotating accordingly. 



Memory-to-Memory-To perform block moves of data from 
one memory address space to another with a minimum of 
program effort and time, the 8237A includes a memory-to- 
memory transfer feature. Programming a bit in the Command 
register selects channels 0 to 1 to operate as memory-to- 
memory transfer channels. The transfer is initiated by setting 
the software DREQ for channel 0. The 8237A requests a DMA 
service in the normal manner. After HLDA is true, the device, 
using four state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address register is 
the source for the address used and is decremented or incre- 
mented in the normal manner. The data byte read from the 
memory is stored in the 8237A internal Temporary register. 
Channel 1 then performs a four-state transfer of the data from 
the Temporary register to memory using the address in its 
Current Address register and incrementing or decrementing it 
in the normal manner. The channel 1 current Word Count is 
decremented. When the word coun t of c hannel 1 goes to 
FFFFH, a TC is generated causing an EOP output terminating 
the service. 

Channel 0 may be programmed to retain the same ad- 
dress for all transfers. This allows a single word to be 
written to a block of memory. 

The 8237A will respond to external EOP signals during 
memory-to-memory transfers. Data comparators in 
block search schemes may use this input to terminate 
the service when a match is found. The timing of 
memory-to-memory transfers is found in Figure 12. 
Memory-to-memory operations can be detected, as an 
active AEN with no DACK outputs. 

Autoinitialize- By programming a bit in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitialize initialization, the original values of the Current 
Address and Current Word Count registers are automatically 
restored from the Base Ad dress and Base Word count registers 
of that channel following EOP. The base registers are loaded 
simultaneously with the current registers by the micropro- 
cessor and remain unchanged throughout the DMA service. 
The mask bit is not altered when the channel is in Autoinitialize. 
Following Autoinitialize the channel is ready to perform 
another DMA service, without CPU intervention, as soon as a 
valid DREQ is detected. In order to Autoninitialize both chan- 
nels in a memory-to-memory transfer, both word counts should 
be programmed identically. If interrupted externally, EOP 
pulses should be applied in both bus cycles. 

Priority-The 8237A has two types of priority encoding avail- 
able as software selectable options. The first is Fixed Priority 



1st 

Service 

highest 0 
1 
2 

lowest 3 



2nd 
Service 

2*4- 
3-4- 



3rd 
Service 



3 -\ ° 



- service 

- request 



V 



- service 



With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recog- 
nized after no more than three higher priority services 
have occurred. This prevents any one channel from 
monopolizing the system. 

Compressed Timing — In order to achieve even greater 
throughput where system characteristics permit, the 
8237A can compress the transfer time to two clock 
cycles. From Figure 11 it can be seen that state S3 is 
used to extend the access time of the read pulse. By 
removing state S3, the read pulse width is made equal to 
the write pulse width and a transfer consists only of 
state S2 to change the address and state S4 to perform 
the read/write. S1 states will still occur when A8-A15 
need updating (see Address Generation). Timing for 
compressed transfers is found in Figure 14. 

Address Generation — In order to reduce pin count, the 
8237A multiplexes the eight higher order address bits 
on the data lines. State S1 is used to output the higher 
order address bits to an external latch from which they 
may be placed on the address bus. The falling edge of 
Address Strobe (ADSTB) is used to load these bits from 
the data lines to the latch. Address Enable (AEN) is used 
to enable the bits onto the address bus through a three- 
state enable. The lower order address bits are output by 
the 8237A directly. Lines A0-A7 should be connected to 
the address bus. Figure 11 shows the time relationships 
between CLK, AEN, ADSTB, DB0-DB7 and A0-A7. 

During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gener- 
ated will be sequential. For many transfers the data held 
in the external address latch will remain the same. This 
data need only change when a carry or borrow from A7 
to A8 takes place in the normal sequence of addresses. 
To save time and speed transfers, the 8237A executes 
S1 states only when updating of A8-A15 in the latch is 
necessary. This means for long services, S1 states and 
Address Strobes may occur only once every 256 trans- 
fers, a savings of 255 clock cycles for each 256 
transfers. 
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REGISTER DESCRIPTION 



Command Register 

7 6 5 4 3 2 1 



-Bit Number 



Current Address Register — Each channel has a 16-bit 
Current Address register. This register holds the value 
of the address used during DMA transfers. The address 
is automatically incremented or decremented after each 
transfer and the intermediate values of the address are 
stored in the Current Address register during the trans- 
fer. This register is written or read by the micro- 
processor in successive 8-bit bytes. It may also be reini- 
tialized by an Autoinitialize back to its original value. 
Autoinitialize takes place only after an EOP. 

Current Word Register — Each channel has a 16-bit Cur- 
rent Word Count register. This register determines the 
number of transfers to be performed. The actual number 
of transfers will be one more than the number pro- 
grammed in the Current Word Count register (i.e., pro- 
gramming a count of 100 will result in 101 transfers). The 
word count is decremented after each transfer. The 
intermediate value of the word count is stored in the reg- 
ister during the transfer. When the value in the register 
goes from zero to FFFFH, a TC will be generated. This 
register is loaded or read in successive 8-bit bytes by 
the microprocessor in the Program Condition. Follow- 
ing the end of a DMA service it may also be reinitialized 
by an Autoinitialization back to i ts or iginal value. Auto- 
initialize can occur only when an EOP occurs. If it is not 
Autoinitialized, this register will have a count of FFFFH 
after TC. 

Base Address and Base Word Count Registers — Each 
channel has a pair of Base Address and Base Word 
Count registers. These 16-bit registers store the original 
value of their associated current registers. During Auto- 
initialize these values are used to restore the current 
registers to their original values. The base registers are 
written simultaneously with their corresponding current 
register in 8-bit bytes in the Program Condition by the 
microprocessor. These registers cannot be read by the 
microprocessor. 

Command Register — This 8-bit register controls the 
operation of the 8237 A. It is programmed by the micro- 
processor in the Program Condition and is cleared by 
Reset or a Master Clear instruction. The following table 
lists the function of the command bits. See Figure 6 for 
address coding. 

Mode Register — Each channel has a 6-bit Mode regis- 
ter associated with it. When the register is being written 
to by the microprocessor in the Program Condition, bits 
0 and 1 determine which channel Mode register is to be 
written. 

Request Register — The 8237A can respond to requests 
for DMA service which are initiated by software as well 
as by a DREQ. Each channel has a request bit associ- 
ated with it in the 4-bit Request register. These are non- 
maskable and subject to prioritization by the Priority 
Encoder network. Each register bit is set or reset sepa- 



0 Memory-to-memory disable 

1 Memory-to-memory enable 

0 Channel 0 address hold disable 

1 Channel 0 address hold enable 
X If bit 0=0 

0 Controller enable 

1 Controller disable 



Normal timing 
Compressed timing 
If bit 0=1 

Fixed priority 
Rotating priority 



0 Late write selection 

1 Extended write selection 
X If bit 3=1 



Mode Register 

7 6 5 4 3 



2 1 0 



DREQ sense active high 
DREQ sense active low 

DACK sense active low 
DACK sense active high 



- Bit Number 



' j ( 00 Channel 0 select 

J I 01 Channel 1 select 

| 10 Channel 2 select 
I 11 



Request Register 

7 6 5 4 3 2 1 0 



Channel 3 select 

[00 Verify transfer 

| 01 Write transfer 

. 10 Read transfer 

11 Illegal 

I XX If bits 6 and 7 = 11 

0 Autoinitialization disable 

1 Autoinitialization enable 

0 Address increment select 

1 Address decrement select 

00 Demand mode select 

01 Single mode select 
10 Block mode select 

, 11 Cascade mode select 



-Bit Number 




| .* / 00 Select channel 0 
~ ' Select channel 1 
| 10 Select channel 2 
Select channel 3 

0 Reset request bit 

1 Set request bit 

rately under software cont rol or is cleared upon genera- 
tion of a TC or external EOP. The entire register is 
cleared by a Reset. To set or reset a bit, the software 
loads the proper form of the data word. See Figure 5 for 
register address coding. In order to make a software re- 
quest, the channel must be in Block Mode, 
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Mask Register — Each channel has associated with it a 
mask bit which can be set to disable the incoming 
DREQ. Each mask bit is set when its associated channel 
produces an ,EOP if the channel is not programmed for 
Autoinitialize. Each bit of the 4-bit Mask register may 
also be set or cleared separately under software control. 
The entire register is also set by a Reset. This disables 
all DMA requests until a clear Mask register instruction 
allows them to occur. The instruction to separately set 
or clear the mask bits is similar in form to that used with 
the Request register. See Figure 5 for instruction ad- 
dressing. 



7 0 5 4 3 2 10' 



7 6 5 4 3 2 1 0* 



Don't Care 



— Bit Number 

00 Select channel 0 mask bit 

01 Select channel 1 mask bit 

10 Select channel 2 mask bit 

1 1 Select channel 3 mask bit 

0 Clear mask bit 

1 Set mask bit 



All four bits of the Mask register may also be written 
with a single command. 




7 6 5 4 3 2 

n 



-Bit Number 



Don't Care 



— i? 
— I 



Clear channel 0 mask bit 
Set channel 0 mask bit 



Clear channel 1 mask bit 
Set channel 1 mask bit 



0 Clear channel 2 mask bit 

1 Set channel 2 mask bit 



Clear channel 3 mask bit 
Set channel 3 mask bit 



Register 


Operation 


Signals 


CS 


IOR 


I0W 


A3 


A2 


A1 


AO 


Command 


Write 


0 




0 


1 


0 


0 


0 


Mode 


Write 


0 




0 


1 


0 


1 


1 


Request 


Write 


0 




0 


1 


0 


0 


1 


Mask 


Set/Reset 


0 




0 


1 


0 


1 


0 


Mask 


Write 


0 




0 


1 


1 


1 


1 


Temporary 


Read 


b 


0 


1 


1 


1 


0 


1 


Status 


Read 


0 


0 


1 


' 1 


0 


0 


0 



Figure 5. Definition of Register Codes 

Status Register — The Status register is available to be 
read out of the 8237A by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached 
a terminal count and which channels have pending DMA 
requests. Bits 0-3 are set every time a TC is reached by 
that channel or an external EOP is applied. These bits 
are cleared upon Reset and on each Status Read. Bits 
4-7 are set whenever their corresponding channel is 
requesting service. 



Bit Number 

- 1- Channel 0 has reached TC 

• 1 Channel 1 has reached TC 

- 1 Channel 2 has reached TC 

- 1 Channel 3 has reached TC 



Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 



Temporary Register — The Temporary register is used 
to hold data during memory-to-memory transfers. Fol- 
lowing the completion of the transfers, the last word 
moved can be read by the microprocessor in the Pro- 
gram Condition. The Temporary register always con- 
tains the last byte transferred in the previous memory- 
to-memory operation, unless cleared by a Reset. 

Software Commands-These are additional special software 
commands which can be executed in the Program Condition. 
They do not depend on any specific bit pattern on the data 
bus. The three software commands are: 

Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 8237A. This initializes the flip-flop 
to a known state so that subsequent accesses to reg- 
ister contents by the microprocessor will address 
upper and lower bytes, in the correct sequence. 

Master Clear: This software instruction has the same 
effect as the hardware Reset. The Command, Status, 
Request, Temporary, and Internal First/Last Flip-Flop 
registers are cleared and the Mask register is set. The 
8237A will enter the Idle cycle. 

Clear Mask Register: This command clears the mask 
bits of all four channels, enabling them to accept 
DMA requests. 

Figure 6 lists the address codes for the software com- 
mands: 



Signals 


Operation 


A3 


A2 


A1 


AO 


IOR 


iow 




O 


0 


0 


0 




Read Status Register 




0 


0 


0 






Write Command Register 




0 


0 








Illegal 




0 


0 








Write Request Register 




0 










Illegal 




0 


1 








Write Single Mask Register Bit 




0 


1 








Illegal 




0 


1 








Write Mode Register • 






0 








Illegal 






0 








Clear Byte Pointer Flip /Flop 






0'. 








Read Temporary Register 






0 








Master Clear 






1 








Illegal 






1 








Clear Mask Register 






1 








Illegal 






1 








Write A'l Mask Register Bits 



Figure 6. Softwa 



e Command Codes 
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Signals 












Channel 
























Register 


Operation 


CS 






A3 


A2 


A1 


AO 


Internal Fllp-Flop 


Data Bus DB0-DB7 




IOR 


IOW 




0 


Base and Current Address 


Write 


0 


1 


0 


0 


0 


0 


0 


0 


A0-A7 








0 


1 


0 


0 


0 


0 


0 


t 


A8-A15 




Current Address 


Read 


0 


0 


1 


0 


0 


0 


0 


0 


A0-A7 








0 


0 


1 


0 


0 


0 


0 


1 


A8-A15 




Base and Current Word Count 


Write 


0 


1 


0 


0 


0 


0 


1 


0 


W0-W7 








0 


1 


0 


0 


0 


0 


1 


1 


W8-W15 




Current Word Count 


Read 


0 


0 


1 


0 


0 


0 


1 


0 


W)0-W7 








0 


0 


1 


0 


0 


0 


1 


1 


W8-W15 


1 


Base and Current Address 


Write 


0 


1 


0 


0 


0 


1 


0 


0 


A0-A7 








0 


1 


0 


0 


0 


1 


0 


1 


A8-A15 




Current Address 


Read 


0 


0 


1 


0 


0 


1 


0 


0 


A0-A7 








0 


0 


1 


0 


0 


1 


0 


1 


A8-A15 




Base and Current Word Count 


Write 


0 


1 


0 


0 


0 


1 


1 


0 


W0-W7 








0 


1 


0 


-o 


0 


1 


1 


1 


W8-W15 




Current Word Count 


Read 


0 


0 


1 


0 


0 


1 


1 


0 


W0-W7 








0 


0 


1 


0 


0 


1 


1 


1 


W8-W15 


2 


Base and Current Address 


Write 


0 


1 


0 


0 


1 


0 


0 


0 


A0-A7 








0 


1 


0 


0 


1 


0 


0 


1 


A8-A15 




Current Address 


Read 


0 


0 


1 


0 


1 


0 


0 


0 


A0-A7 








0 


0 


1 


0 


1 


0 


0 


1 


A8-A15 




Base and Current Word Count 


Write 


0 


1 


0 


0 


1 


0 


1 


0 


W0-W7 








0 


1 


0 


0 


1 


0 


1 


1 


W8-W15 




Current Word Count 


Read 


0 


0 


1 


0 


1 


0 


1 


0 


W)0-W7 








0 


0 


1 


0 




0 


1 


1 


W8-W15 


3 


Base and Current Address 


Write 


0 


1 


0 


0 






0 


0 


A0-A7 








0 


1 


0 


0 






0 


1 


A8-A15 




Current Address 


Read 


0 


0 


1 


0 > 






0 


0 


A0-A7 








0 


0 


1 


0 






0 


1 


A8-A15 




Base and Current Word Count 


Write 


0 


1 


0 


0 






1 


0 


W0-W7 








0 


1 


0 


0 






1 


1 


W8-W15 




Current Word Count 


Read 


0 


0 


1 


0 






1 


0 


W)0-W7 








0 


0 


1 


0 






1 


1 


W8-W15 



Figure 7. Word Count and Address Register Command Codes 



PROGRAMMING 

The 8237A will accept programming from the host proc- 
essor any time that HLDA is inactive; this is true even if 
HRQ is active. The responsibility of the host is to assure 
that programming and HLDA are mutually exclusive. 
Note that a problem can occur if a DMA request occurs, 
on an unmasked channel while the 8237A is being pro- 
grammed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channel 1 
when channel 1 receives a DMA request. If the 8237A is 
enabled (bit 2 in the command register is 0) and channel 
1 is unmasked, a DMA service will occur after only one 
byte of the Address register has been reprogrammed. 
This can be avoided by disabling the controller (setting 
bit 2 in the command register) or masking the channel 
before programming any other registers. Once the pro- 
gramming is complete, the controller can be enabled/un- 
masked. 

After power-up it is suggested that all internal locations, 
especially the Mode registers, be loaded with some 
valid value. This should be done even if some channels 
are unused. 



2-95 



AFN-00789D 



inter 



8237A/8237A-4/8237A-5 



APPLICATION INFORMATION 

Figure 8 shows a convenient method for configuring a 
DMA system with the 8237A controller and an 8080A/ 
808.5AH microprocessor system. The multimode DMA 
controller issues a HRQ to the processor whenever 
there is at least one valid DMA request from a peripheral 
device. When the processor replies with a HLDA signal, 
the 8237A takes control of the address bus, the data bus 
and the control bus. The address for the first transfer 



operation comes out in two bytes — the least signifi- 
cant 8 bits on the eight address outputs and the most 
significant 8 bits on the data bus. The contents of the 
data bus are then latched into the 8282 8-bit latch to 
complete the full 16 bits of the address bus. The 8282 is 
a high speed, 8-bit, three-state latch in a 20-pin package. 
After the initial transfer takes place, the latch is updated 
only after a carry or borrow is generated in the least sig- 
nificant address byte. Four DMA channels are provided 
when one 8237A is used. 



ADDRESS BUS AO- A1 5 



HLDA 
HOLD 



CLOCK — 
RESET — 
MEMR 0- 
MEMW 0- 
IOR O- 
iow 0- 



-tx- 



CUE 



HLDA 
HRQ 



AEN A0-A3 A4-A7 CS ADSTB 

8237A DBO- 

« « DB7 

8 I I 1 i I 1 I 



0 0 0 0 



CONTROL 
BUS 



SYSTEM DATA BUS 



Figure 8. 8237A System Interface 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature under Bias 0°C to 70 °C 

Storage Temperature -65°Cto + 150°C 

Voltage on any Pin with 

Respect to Ground - 0.5 to 7V 

Power Dissipation 1.5 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = 0°C to 70°C, V cc = 5.0V ±5%, GND = 0V) 



Symbol 


Parameter 


Min. 


Typ.O) 


Max. 


Unit 


Test Conditions 


VOH 


Output High Voltage 


2.4 






V 


Iqh = -200 juA 


3.3 






V 


l OH = -100^A(HRQ Only) 


Vol 


Output LOW Voltage 






45 


V 


Iol = 2.0mA (data Bus)EDF 

Iql = 3.2mA (other outputs) (Note 8) 

l 0L = 2.5mA (ADSTB) (Note 8) 


V|H 


Input HIGH Voltage 


2.2 




V CC + 0.5 


V 




V|L 


Input LOW Voltage 


-0.5 




0.8 


V 




«LI 


Input Load Current 






±10 


1* 


0V < V, N < V cc 


Ilo 


Output Leakage Current 






±10 


^A 


6.45V <V 0U T^ V cc 


•cc 


V cc Supply Current 




110 


130 


mA 


T A =+25°C 




130 


150 


mA 


T A = 0°C 


Co 


Output Capacitance 




4 


8 


PF 


fc=1.0 MHz, Inputs = 0V 


Ci 


Input Capacitance 




8 


15 


PF 


C10 


I/O Capacitance 




10 


18 


PF 



NOTES: 

1 Typical values are for = 25°C, nominal supply voltage and nominal processing parameters 

2. Input liming parameters assume transition times of 20 ns or less. Waveform measurement points for both input and output signals are 2 0V for HIGH and 0 8V 
for LOW, unless otherwise noted. 

3. Output loading is 1 TTL gate plus 1 50pF capacitance, unless otherwise noted. 

4. The net IOW or MEMW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The net IOR or MEMR pulse width for 
normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. * 

5. TDQ is specified for two different output HIGH levels TDQ1 is measured at 2.0V. TDQ2 is measured at 3.3V. The value for TDQ2 assumes an external 3.3kQ 
pull-up resistor connected form HRQ to Vcc- 

6. DREQ should be held active until DACK is returned. 

7 DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode. 

8. A revision of the 8237A is planned for shipment in April 1 984, which will improve the following characteristics. 

1. V| H from 2.2V to 2.0V 

2. Vol from 0 45V to °- 4v on alt outputs. Test condition Iql = 3 2 mA 
Please contact your local sales office at that time for more information. 

9. Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at least 600 ns for the 8237A, 
at least 500 ns for the 8237 A-4 and at least 400 ns for the 8237A-5, as recovery time between active read or write pulses 

1 0. EOP is an open collector output. This parameter assumes the presence of a 2.2K pullup to Vcc- 

11. Pin 5 is an input that should always be at a logic high level An internal pull-up resistor will establish a logic high when the pin is left floating. It is recom- 
mended however, that pin 5 be tied to Vcc- 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



^> TEST POINTS <^ 



A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC "1 " AND 0 45V FOR 
A ^.° GI £, "2 " TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC "1 " 
AND 0 8V FOR A LOGIC "0 " (Note 2) 
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A.C. CHARACTERISTICS— DMA (MASTER) MODE (T A =o°C to 7<rc, 

Vcc= +5V±5%, GND = 0V) 







8237A 


8237A-4 


8237A-5 


Unit 


Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TAEL 


AEN HIGH from CLK LOW (S1) Delay Time 




300 




225 




200 


ns 


TAET 


AEN LOW from CLK HIGH (SI) Delay Time 




200 




150 




130 


ns 


TAFAB 


ADR Active to Float Delay from CLK HIGH 




150 




120 




90 


ns 


TAFC 


READ or WRITE Float from CLK HIGH 




150 




120 




120 


ns 


TAFDB 


DB Active to Float Delay from CLK HIGH 




250 




190 




170 


ns 


TAHR 


ADR from READ HIGH Hold Time 


TCY-100 




TCY-100 




TCY-100 




ns 


TAHS 


DB from ADSTB LOW Hold Time 


50 




40 




30 




ns 


TAHW 


ADR from WRITE HIGH Hold Time 


TCY-50 




TCY-50 




TCY-50 




ns 




DACK Valid from CLK LOW Delay Time (Note 7) 




250 




220 




170 


ns 


TAK 


EOP HIGH from CLK HIGH Delay Time (Note 10) 




250 




190 




170 


ns 




FOP I OW from CA K HlfiH Dplav Timp 




250 




190 




. 170 


ns 


TASM 


ADR Stable from CLK HIGH 




250 




190 




170 


ns 


TA§S 


DB to ADSTB LOW Setup Time 


100 • 




100 




100 




ns 


TCH 


Clock High Time (Transitions^ 10 ns) 


120 




100 




80 




ns 


TCL 


Clock LOW Time (Transitions^ 10 ns) 


150 




110 




68 




ns 


TCY 


CLK Cycle Time 


320 




250 




( 200 




ns 


TDCL 


CLK HIGH to READ or WRITE LOW Delay (Note 4) 




270 




200 




190 


ns 


TDCTR 


READ HIGH from CLK HIGH (S4) Delay Time 




270 




210 




190 


ns 


TDCTW 


WRITE HIGH from CLK HIGH fS41 DpIavTimp 
(Note 4) 




200 




150 




130 


ns 


TDQ1 


MDOValiri f rrvm PI if Mir^U riolau Timo (tdr\ta t\\ 

nnvj vaiiu irom vyi_r\ nivan ueiay i ime ^fNrOie 0/ 




160 




120 




120 


ns 


TDQ2 




250 




190 




120 


ns 


TEPS 


EOP LOW from CLK LOW Setup Time 


60 




45 




40 




ns 


TEPW 


EOP Pulse Width 


300 




225 




220 




ns 


TFAAB 


ADR Float to Active Delay from CLK HIGH 




250 




190 




170 


ns 


TFAC 


READ or WRITE Active from CLK HIGH 




200 




150 




150 


ns 


TFADB 


DB Float to Active Delay from CLK HIGH 




309 




225 




200 


ns 


THS 


HLDA Valid to CLK HIGH Setup Time 


100 




75 




75 




ns 


TIDH 


Input Data from MEMR HIGH Hold Time 


0 




0 




0 




ns 


TIDS 


Input Data to MEMR HIGH Setup Time 


250 




190 




170 




ns 


TODH 


Output Data from MEMW HIGH Hold Time 


20 




20 




10 




ns 


TODV 


Output Data Valid to MEMW HIGH 


200 




125 




125 




ns 


TQS 


DREQ to CLK LOW (SI, S4) Setup Time (Note 7) 


0 




0 




0 




ns 


TRH 


CLK to READY LOW Hold Time 


20 




20 




J20 




ns 


TRS 


READY to CLK LOW Setup Time 


100 




60 




60 




ns 


TSTL 


ADSTB HIGH from CLK HIGH Delay Time 




200 




150 




• 130 


ns 


TSTT 


ADSTB LOW from CLK HIGH Delay Time 




140 




110 




| 90 


ns 



2-98 



AFN-00789D 



inter 



8237A/8237A-4/8237A-5 



A.C. CHARACTERISTICS— PERIPHERAL (SLAVE) MODE Oa = o°e to 70°c, v cc 

GND = OV)' 



5.0V ±5%, 



Symbol 


Parameter 


8237A 


8237A-4 


8237A-5 


Unit 


Mln. 


Max. 


Min. 


Max. 


Min. 


Max. 


TAR 


ADR Valid or CS LOW to READ LOW 


50 




50 




50 




ns 


TAW 


ADR Valid to WRITE HIGH Setup Time 


200 




150 




130 




ns 


TCW 


CS LOW to WRITE HIGH Setup Time 


200 




150 




130 




ns 


TDW 


Data Valid to WRITE HIGH Setup Time 


200 




150 




130 




ns 


TRA 


ADR or CS Hold from WRE> HIGH * 


0 




0 




0 




ns 


TRDE 


Data Access from READ LOW (Note 3) 




200 




200 




140 


ns 


TRDF 


DB Float Delay from READ HIGH 


20 


100 


20 


100 


0 


70 


ns 


TRSTD 


Power Supply HIGH to RESET LOW Setup Time 


500 




500 




500 




ns 


TRSTS 


iRESETto First lOWR 


2TCY 




2TCY 




2TCY 




ns 


TRSTW 


RESET Pulse Width 


300 




300 




300 




ns 


TRW 


READ Width 


300 




250 




200 




ns 


TWA 


ADR from WRITE HIGH Hold Time 


20 




20 




20 




ns 


TWC 


CS HIGH from WRITE HIGH Hold Time 


20 




20 




20 




ns 


TWD 


Data from WRITE HIGH Hold Time 


30 




30 




30 




ns 


TWWS 


Write Width 


200 




200 




160 




ns 



WAVEFORMS 



SLAVE MODE WRITE TIMING 



i-, 



TWC 
(NOTE 9) 



5C 



Figure 9. Slave Mode Write 



SLAVE MODE READ TIMING 



■zx 



ADDRESS MUST BE VALID 



Figure 10. Slave Mode Read 



x 



-TRA 
(NOTE 9) 



DATA OUT VALID 
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WAVEFORMS (Continued) 



DMA TRANSFER TIMING 



I 



ADDRESS VALID 



\ 

(FOR EXTENDED WRITE)' 



TOS|- 

(NOTE 6) 



X 



TASM 
-TAHW 



\\\\\\\\vv\v -// /////////// 



ADDRESS VALID 



Figure 11. DMA Transfer 
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WAVEFORMS (Continued) 



MEMORY-TO-MEMORY TRANSFER TIMING 



ADDRESS VALID 



TIDH- 

b^f 



TEPS— » 
TEPW 
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Figure 12. Memory-to-Memory Transfer 
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Figure 13. Ready 
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WAVEFORMS (Continued) 
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Figure 14. Compressed Transfer 
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PROGRAMMABLE DMA CONTROLLER 

■ MCS-85® Compatible 8257-5 ■ Single TTL Clock 

■ 4-Channel DMA Controller 

■ Priority DMA Request Logic 

■ Channel Inhibit Logic 

■ Terminal Count and Modulo 128 
Outputs 

The Inter 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU's hold function. The 8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant 
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at 
high speed between peripherals and memories. 



■ Single + 5V Supply 

■ Auto Load Mode 

■ Available in EXPRESS 

- Standard Temperature Range 
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FUNCTIONAL DESCRIPTION 
General 

The 8257 is a programmable, Direct Memory Access 
(DMA) device which, when coupled with a single Intel® 
8212 I/O port device, provides a complete four-channel 
DMA controller for use in Intel® microcomputer systems. 
After being initialized by software, the 8257 can transfer a 
block of data, containing up to 16,384 bytes, between 
memory and a peripheral device directly, without further 
intervention required of the CPU. Upon receiving a DMA 
transfer request from an enabled peripheral, the 8257: 

1. Acquires control of the system bus. 

2. Acknowledges that requesting peripheral which is 
connected to the highest priority channel. 

3. Outputs the least significant eight bits of the memory 
address onto system address lines A0-A7, outputs 
the most significant eight bits of the memory address 
to the 8212 I/O port via the data bus (the 8212 
places these address bits on lines A 8 -A 15 ), and 

4. Generates the appropriate memory and I/O read/ 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed location in memory. 

The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
DMA request. Thus, the 8257 can transfer a block of data 
to/from a high speed peripheral (e.g., a sector of data on a 
floppy disk) in a single "burst". When the specified 
number of data bytes have been transferred, the 8257 
activates its Terminal Count (TC) output, informing the 
CPU that the operation is complete. 

The 8257 offers three different modes of operation: 
(1) DMA read, which causes data to be transferred from 
memory to a peripheral; (2) DMA write,, which causes 
data to be transferred from a peripheral to memory; 
and (3) DMA verify, which does not actually involve the 
transfer of data. When an 8257 channel is in the DMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or I/O read/write 
control signals will be generated, thus preventing the 
transfer of data. The 8257, however, will gain control of the 
system bus and will acknowledge the peripheral's DMA 
request for each DMA cycle. The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword. For example, a block of 
DMA verify cycles might follow a block of DMA read cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data. 



Block Diagram Description 
1. DMA Channels 

The 8257 provides four separate DMA channels (labeled 
CH-0 to CH-3). Each channel includes two sixteen-bit 
registers: (1) a DMA address register, and (2) a termi- 
nal count register. Both registers must be initialized 
before a channel is enabled. The DMA address register is 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low*order 14-bits of 
the terminal count register specifies the number of DMA 
cycles minus one before the Terminal Count (TC) output 
is activated. For instance, a terminal count of 0 would 
cause the TC output to be active in the first DMA cycle for 
that channel. In general, if N = the number of desired DMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel. 



Figure 3. 8257 Block Diagram Showing DMA 
Channels 
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These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 

Each channel accepts a DMA Request (DRQn) input and 
provides a DMA Acknowledge (DACKn) output. 

(DRQ O-DRQ 3) 

DMA Request: These are individual asynchronous chan- 
nel request inputs used by the peripherals to obtain a DMA 
cycle. If not in the rotating priority mode then DRQ 0 has 
the highest priority and DRQ 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until DMA acknowledge. For multiple DMA cycles 
(Burst Mode) the request line is held high until the DMA 
acknowledge of the last cycle arrives. 



(DACK 0 - DACK 3) 

DMA Acknowledge: An active low level on the acknowl- 
edge output informs the peripheral connected to that 
chann el that it has been selected for a DMA cycle. The 
DACK output acts as a "chip select" for the peripheral 
device requesting service. This line goes active (low) 
and inactive (high) once for each byte transferred even If 
a burst of data is being transferred. 

2. Data Bus Buffer 

This three-state, bi-directional, eight bit buffer interfaces 
the 8257 to the system data bus. 

<D 0 -D 7 ) 

Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the CPU, eight- 
bits of data for a DMA address register, a terminal count 
register or the Mode Set register are received on the data 
bus. When the CPU reads a DMA address register, a 
terminal count register or the Status register, the data is 
sent to the CPU over the data bus. During DMA cycles 
(when the 8257 is the bus master), the 8257 will output the 
most significant eight-bits of the memory address (from 
one of the DMA address registers) to the 821 2 latch via the 
data bus. These address bits will be transferred at the 
beginning of the DMA cycle; the bus will then be released 
to handle the memory data transfer during the balance of 
the DMA cycle. 
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Figure 4. 8257 Block Diagram Showing Data Bus 
Buffer 




2-105 



AFN-01840D 



8257/8257-5 



3. Read/Write Logic 

When the CPU is programming or reading one of the 
8257's registers (i.e., when the 8257 is a "slave" device on 
the sy stem bus), the Read/Write Logic accepts the I/O 
Read (T70F?) or I/O Write (l/OW) signal, decodes the least 
significant four address bits, (A 0 -A 3 ), and either writes 
th e cont ents of the data bus into the addressed register 
(if l/OW is true) or places the conte nts of the addressed 
register onto the data bus (if 1/bR is true). 

During DMA cycles (i.e., when the 8257 is the bus 
"master"), the Read/Write Logic generates the I/O read 
and memory write (DMA write cycle) or I/O Write and 
memory read (DMA read cycle) signals which control the 
data link with the peripheral that has been granted the 
DMA cycle. 

Note that during DMA transfers Non-DMA I/O devices 
should be de-selected (disabled) using "AEN" signal to 
inhibit I/O device decoding of the memory address as an 
erroneous device address. 

(T/OR) 

J/O Read; An active-low, bi-directional three-state line. In 
the "slave" mode, it is an input which allows the 8-bit 
status register or the upper/lower byte of a 16-bit DMA 
address register or term inal count register to be read. In 
the "master" mode, l/OR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle. 



(l/OW) 

I/O Write: An active-low, bi-directional three-state line. In 
the "slave" mode, it is an input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 
or the upper/lower byte of a 16-bit DMA address register 
or terminal count register In the "master" mode, l/OW is a 
control output which allows data to be output to a 
peripheral during a DMA read cycle 

(CLK) 

Clock Input: Generally from an Intel® 8224 Clock Gen- 
erator device. (<t>2 TTL) or Intel® 8085A CLK output 

(RESET) 

Reset: An asynchronous input (generally from an 8224 
or 8085 device) which disables all DMA channels by 
clearing the mode register and 3-states all control lines. 



(A0-A3) 

Address Lines: These least significant four address lines 
are bi-directional. In the "slave" mode they are inputs 
which select one of the registers to be read or 
programmed. In the "master" mode, they are outputs 
which constitute the least significant four bits of the 1 6-bit 
memory address generated by the 8257. 

(CS) 

Chip Select: An active-low input which enables the I/O 
Read or I/O Write input when the 8257 is being read or 
programmed in the "slave" mode. In the "master" mode, 
CS is automatically disabled to prevent the chip from 
selecting itself while performing the DMA function. 

4. Control Logic 

This block controls the sequence of operations during ail 
DMA cycles by generating the appropriate control signals 
and the 16-bit address that specifies the memory location 
to be accessed 



Figure 5. 8257 Block Diagram Showing 
Read/Write Logic Function 
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(A4-A 7 ) 

Address Lines: These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit 
memory address generated by the 8257 during all DMA 
cycles. 

(READY) 

Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 8257 with wait 
states if the selected memory requires longer cycles. 
READY must conform to specified setup and hold 
times. 

(HRQ) 

Hold Request: This output requests control of the 
system bus. In systems with only one 8257, HRQ will 
normally be applied to the HOLD input on the CPU. HRQ 
must conform to specified setup and hold times. 

(HLDA) 

Hold Acknowledge: This input from the CPU indicates 
that the 8257 has acquired control of the system bus. 

(MEMR) 

Memory Read: This active-low three-state output is used 
to read data from the addressed memory location during 
DMA Read cycles. 

(MEMW) 

Memory Write: This active-low three-state output is used 
to write data into the addressed memory location during 
DMA Write cycles, 

(ADSTB) 

Address Strobe. This output strobes the most significant 
byte of the memory address into the 8212 device from the 
data bus. 

(AEN) 

Address Enable. This output is used to disable (float) the 
System Data Bus and the System Control Bus. It may also 
be used to disable (float) the System Address Bus by use 
of an enable on the Address Bus drivers in systems to 
inhibit non-DMA devices from responding during DMA 
cycles. It may be further used to isolate the 8257 data bus 
from the System Data Bus to facilitate the transfer of the 8 
most significant DMA address bits over the 8257 data I/O 
pins without subjecting the System Data Bus to any 
timing constraints for the transfer. When the 8257 is used 
in an I/O device structure (as opposed to memory 
mapped), this AEN output should be used to disable the 
selection of an I/O device when the DMA address is on the 
address bus. The I/O device selection should be 
determine^ by the DMA acknowledge outputs for the 4 
channels. 



(TC) 

Terminal Count: This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block. If the TC STOP bit in the 
Mode Set register is set, the selected channel will be 
automatically disabled at the end of that DMA cycle. TC is 
activated when the 14-bit value in the selected channel's 
terminal count register equals zero. Recall that the low- 
order 14-bits of the terminal count register should be 
loaded with the values (n-1 ), where n = the desired number 
of the DMA cycles. 

(MARK) 

Modulo 128 Mark: This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output. MARK always occurs at 
128 (and all multiples of 128) cycles from the end of ttie 
data block Only if the total number of DMA cycles (n) is 
evenly divisable by 128 (and the terminal count register 
was loaded with n-1), will MARK occur at 128 (and each 
succeeding multiple of 128) cycles from the beginning of 
the data block 



Figure 6. 8257 Block Diagram Showing Control 
Logic and Mode Set Register 
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5. Mode Set Register 

When set, the various bits in the Mode Set register enable 
each of the four DMA channels, and allow four different 
options for the 8257: 



Enables AUTOLOAD 

Enables TC STOP 1 

Enables EXTENOEO WRITE 

Enables ROTATING PRIORITY- 



rr 



X 



Enables DMA Channel 0 
Enables DMA Channel 1 
Enables DMA Channel 2 
Enables DMA Channel 3 



The Mode Set register is normally programmed by the 
CPU after the DMA address register(s) and terminal 
Count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all channels, and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
DMA address and terminal count registers contain valid 
values; otherwise, an inadvertent DMA request (DRQn) 
from a peripheral could initiate a DMA cycle that would 
destroy memory data. 

The various options which can be enabled by bits in the 
Mode Set register are explained below. 

Rotating Priority Bit 4 

In the Rotating Priority Mode, the priority of the channels 
has a circular sequence After each DMA cycle, the 
priority of each channel changes. The channel which had 
just been serviced will have the lowest priority 




If the ROTATING PRIORITY bit is not set (set to a zero), 
each DMA channel has a fixed priority In the fixed priority 
mode, Channel 0 has the highest priority and Channel 3 
has the lowest priority If the ROTATING PRIORITY bit is 
set to a one, the priority of each channel changes after 
each DMA cycle (not each DMA request). Each channel 
moves up to the next highest priority assignment, while 
the channel which has just been serviced moves to the 
lowest priority assignment 
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Note that rotating priority will prevent any one channel 
from monopolizing the DMA mode; consecutive DMA 
cycles will service different channels if more than one 
channel is enabled and requesting service. There is no 
overhead penalty associated with this mode of opera- 
tion. All DMA operations began with Channel 0 initially 
assigned to the highest priority for the first DMA cycle. 

Extended Write Bit 5 

If the E XTEN DED WRITE bit is set, the duration of both the 
MEMW and l/OW signals is extended by activating them 
earlier in the DMA cycle. Data transfers within micro- 
computer systems proceed asynchronously to allow 
use of various types of memory and I/O devices with 
different access times. If a device cannot be accessed 
within a specific amount of time it returns a "not ready" 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing. Some devices 
are fast enough to be accessed without the use of wait 
states, but if they generate their RE ADY re sponse with the 
leading edge of the l/OW or MEMW signal (which 
generally occurs late in the transfer sequence), they 
would normally cause the 8257 to enter a wait state 
because it does not receive READY in time. For systems 
with these types of devices, the Extended Write option 
provides alternative timing for the I/O and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait states in 
the 8257, thus increasing system throughput 



TC Stop Bit 6 

If the TC STOP bit is set, a channel is disabled (i.e., its 
enable bit is reset) after the Terminal Count (TC) output 
goes true, thus automatically preventing further DMA 
operation on that channel. The enable bit for that channel 
must be re-programmed to continue or begin another 
DMA operation If the TC STOP bit, is not set, the 
occurrence of the TC output has no effect on the channel 
enable bits. In this case, it is generally the responsibility of 
the peripheral to cease DMA requests in order to terminate 
a DMA operation 

Auto Load Bit 7 

The Auto Load mode permits Channel 2 to be used for 
repeat block or block chaining operations, without 
immediate software intervention between blocks Chan- 
nel 2 registers are initialized as usual for the first data 
block, Channel 3 registers, however, are used to store the 
block re-initialization parameters (DMA starting address, 
terminal count and DMA transfer mode). After the first 
block of DMA cycles is executed by Channel 2 (i.e., after 
the TC output goes true), the parameters stored in the 
Channel 3 registers are transferred to Channel 2 during, an 
"update" cycle Note that the TC STOP feature, described 
above, has no effect on Channel 2 when the Auto Load bit 
is set 
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If the Auto Load bit is set, the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is programmed. This permits 
repeat block operations to be set up with the programming 
of a single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Note that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change the values to be auto loaded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 

Each time that the 8257 enters an update cycle, the update 
flag in the status register is set and parameters, in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 DMA cycle after the 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this DMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the CPU to determine when the re-initialization process 
has been completed so that the next block parameters can 
be safely loaded into Channel 3. 

6. Status Register 

The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 
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UPDATE FLAG 



J 



L—TC STATUS FOR CHANNEL 0 
TC STATUS FOR CHANNEL 1 



-TC STATUS FOR CHANNEL 2 
-TC STATUS FOR CHANNEL 3 



The TC status bits are set when the Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode (i.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the CPU from inadvertently 
skipping a data block by overwriting a starting address or 
terminal 'count in the Channel 3 registers before those 
parameters are properly auto-loaded into Channel 2. 



The user is cautioned against reading the TC status 
register and using this information to reenable chan- 
nels that have not completed operation. Unless the 
DMA channels are inhibited a channel could reach ter- 
minal count (TC) between the status read and the mode 
write. DMA can be inhibited by a hardware gate on the 
HRQ line or by disabling channels with a mode word 
before reading the TC status. 
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Figure 7. Autoload Timing 
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OPERATIONAL SUMMARY 

Programming and Reading the 8257 Registers 

There are four pairs of "channel registers": each pair 
consisting o(a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel). The 
8257 also includes two "general registers": one 8-bit 
Mode Set register and one 8-bit Status register. The 
registers are, loaded or read when the CPU executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
generates the appropriate read or write control signal 
(generally l/OR or l/OW while the CPU places a 16-bit 
address on the system address bus, and either outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits A4-A15 (depending on the 
systems memory, I/O configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An I/O 
Write input (or Memory Write in memory mapped I/O 
configurations, described below) specifies that the 
addressed register is to be programmed, while an I/O 
Read input (or Memory Read) specifies that the addressed 
register is to be read. Address bit 3 specifies whether a 
"channel register" (A3, = 0) or the Mode Set (program 
only)/Status (read only),register (A3 = 1 ) is to be accessed. 

The least signif icant three address bits, A0-A2, indicate the 
specific register to be accessed. When accessing the 
Mode Set or Status register, A0-A2 are all zero. When 
accessing a channel register bit Ao differentiates between 
the DMA address register (Ao = 0) and the terminal count 
register (Ao = 1), while bits Ai and A 2 specify one of the 
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four channels. Because the "channel registers" are 16- 
bits, two program instruction cycles are required to load 
or read an entire register. The 8257 contains a first/last 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
"channel registers" all channel command instruction 
operations should occur in pairs, with the lower byte of a 
register always b eing a cc essed first! Do not allow CS to 
clock while either l/OR or l/OW is active, as this will cause 
an erroneous F/L flip flop state. In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave the F/L F/F in the wrong state. This problem is 
particularly obvious when other DMA channels are 
programmed by an interrupt structure. 
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*A 0 -Ai 5 : DMA Starting Address, Cq-Ci 3 : Terminal Count value (ISM ), Rd ancl Wr: DMA Verify (00), Write (01 ) or Read (1 0) cycle selection, 
AL: Auto Load, TCS: TC STOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-EN0: CHANNEL ENABLE MASK, UP: UPDATE 
FLAG, TC3-TC0: TERMINAL COUNT STATUS BITS. / 
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1 DRQn REFERS TO ANY DRQ LINE ON AN ENABLED DMA CHANNEL. 



Figure 8. DMA Operation State Diagram 

DMA OPERATION 
Single Byte Transfers 

A single byte transfer is initiated by the I/O device rais- 
ing the DRQ line of one channel of the 8257. If the chan- 
nel is enabled, the 8257 will output a HRQ to the CPU. 
The 8257 now waits until a HLDA is received insuring 
that the sys tem bu s is free for its use. Once HLDA is 
received the DACK line fo r the requesting channel is ac- 
tivated (LOW). The DACK line acts as a chip select for 
the requesting I/O device. The 8257 then generates the 



read and write commands and byte transfer occurs be- 
tween the selected I/O device and memory. After the 
transfer is complete, the DACK line is set HIGH and the 
HRQ line is set LOW to indicate to the CPU that t he bus 
is now free for use. DRQ must remain HIGH until DACK 
is issued to be recognized and must go LOW before S4 
of the transfer sequence to prevent another transfer 
from occuring. (See timing diagram.) 

Consecutive Transfers 

If more than one channel requests service simultaneous- 
ly, the transfer will occur in the same way a burst does. 
No overhead is incurred by switching from one channel 
to another. In each S4 the DRQ lines are sampled and 
the highest priority request is recognized during the 
next transfer. A burst mode transfer in a lower priority 
channel will be overridden by a higher priority request. 
Once the high priority transfer has completed control 
will return to the lower priority channel if its DRQ is still 
active. No extra cycles are needed to execute this se- 
quence and the HRQ line remains active until all DRQ 
lines go LOW. 

Control Override 

The continuous DMA transfer mode described above 
can be interrupted by an external device by lowering the 
HLDA line. After each DMA transfer the 8257 samples 
the HLDA line to insure that it is still active. If it is not 
active, the 8257 completes the current transfer, releases 
the HRQ line (LOW) and returns to the idle state. If DRQ 
lines are still active the 8257 will raise the HRQ line in 
the third cycle and proceed normally. (See timing 
diagram.) 

Not Ready 

The 8257 has a Ready input similar to the 8080A and the 
8085A. The Ready line is sampled in State 3i If Ready is 
LOW the 8257 enters a wait state. Ready is sampled dur- 
ing every wait state. When Ready returns HIGH the 8257 
proceeds to State 4 to complete the transfer. Ready is 
used to interface memory or I/O devices that cannot 
meet the bus set up times required by the 8257. 

Speed 

The 8257 uses four clock cycles to transfer a byte of 
data. No cycles are lost in the master to master transfer 
maximizing bus efficiency. A 2MHz clock input will 
allow the 8257 to transfer at a rate of 500K bytes/second. 

Memory Mapped I/O Configurations 

The 8257 can be connected to the system bus as a memory 
device instead of as an I/O device for memory mapped I/O 
configurations by connecting the system memory control 
lines to the 8257's I/O control lines and the system I/O 
control lines to the 8257's memory control lines 

This configuration permits use of the 8080 s considerably 
larger repertoire of memory instructions when reading or 
loading the 8257's registers Note that with this 
connection,, the programming of the Read (bit 15) and 
Write (t?it 1 4) bits in the terminal count register will have a 
different meaning 
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Figure 9. System Interface for Memory 
Mapped I/O 

SYSTEM APPLICATION EXAMPLES 



Figure 10. TC Register for Memory Mapped 
I/O Only 
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Figure 11. Floppy Disk Controller (4 Drives) 
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Figure 12. High-Speed Communication Controller 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



^> TEST POINTS <^ 



A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC '1 
AND 0 8V FOR A LOGIC 0 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



1 
I 



C L = 150 pF 



C L INCLUDES JIG CAPACITANCE 



Tracking Parameters 

Signals labeled as Tracking Parameters (footnotes 1 and 5-7 under A.C. Specifications) are signals that follow similar 
paths through the silicon die. The propagation speed of these signals varies in the manufacturing process but the 
relationship between all these parameters is constant. The variation is less than or equal to 50 ns. 

Suppose the following timing equation is being evaluated, 

T A(MiN) + T^max) < 150 ns 

and only minimum specifications exist for T A and T B . If T A(M|N) is used, and if T A and Tb are tracking parameters, 
Tb<max) can be taken as T^min) + 50 ns. 

T A (min) + 0"b(Min)* + 50 ns) < 150 ns 

*if T A and T B are tracking parameters 
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WAVEFORMS (Continued) 
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Figure 13. Detailed System Interface Schematic 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (8257: T A = 0°C to 70°C, V C c = 5.0V ±5%, GND = 0V) 

(8257-5: T A = 0°C to 70°C, V C c = 5.0V ±10%, GND = 0V) 



Symbol 


Parameter 


Mln. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


Volts 




V, H 


Input High Voltage 


2.0 


V CC +.5 


Volts 




Vol 


Output Low Voltage 




0.45 


Volts 


Iol = 1 .6 mA 


V 0 H 


Output High Voltage 


2.4 


Vcc 


Volts 


Ioh = -150mA for AB, 
DB and AEN 
k)H = -80jLiA for others 


V H h 


HRQ Output High Voltage 


3.3 


v cc 


Volts 


i 0 H = -80/iA 


•cc 


Vcc Current Drain 




120 


mA 




»IL 


Input Leakage 




±10 


MA 


0V*£V, N *sV cc 


'OFL 


Output Leakage During Float 




±10 


ma 


0.45V V 0U T * V CC 



CAPACITANCE (T A = 25°C; v C c = gnd = ov) 



Symbol 


Parameter 


Mln. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc= 1MHz 


C|/0 


I/O Capacitance 






20 


pF 


Unmeasured pins 
returned to GND 
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A.C. CHARACTERISTICS — PERIPHERAL (SLAVE) MODE 

(8257: T A - 0°C to 70°C, V cc « 5.0V ±5%, GND = 0V) 
(8257-5: T A = 0°C to 70°C, V cc = 5.0V ±10%, GND = 0V) 

8080 Bus Parameters 
READ CYCLE 



Symbol 


Parameter 


8257 


82575 


Unit 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Tar 


Adr or CS4 Setup to RD4 


0 




0 




ns 




Tra 


Adror CSt Hold from RDt 


0 




0 




ns 




Trd 


Data Access from RD4 


0 


300 


0 


220 


ns 




Tdf 


DB-»Float Delay from RDt 


20 


150 


20 


120 


ns 




T RR 


RD Width 


250 




250 




ns 





WRITE CYCLE 



Symbol 


Parameter 


8257 


82575 


Unit 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


T AW 


Adr Setup to WR4 


20 




20 




ns 




T WA 


Adr Hold from WRt 


0 




0 




ns 




T DW 


Data Setup to WRt 


200 




200 




ns 




T WD 


Data Hold from WRt 


10 




10 




ns 




T WW 


WR Width 


200 




200 




ns 





OTHER TIMING 



Symbol 


Parameter 


8257 


8257-5 


Unit 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Trstw 


Reset Pulse Width 


300 




300 




ns 




T RSTD 


Power Supply t (V C c) Setup to Reset i 


500 




500 




/is 




T r 


Signal Rise Time 




20 




20 


ns 




Tf 


Signal Fall Time 




20 




20 


ns 




Trsts 


Reset to First l/OWR 


2 




2 




tCY 





A.C. CHARACTERISTICS— DMA (MASTER) MODE 

(8257: T A 0°C to 70°C, V cc = 5.0V ±5%, GND = 0V) 
(8257-5: T A = 0°C to 70°C, V cc = 5.0V ±10%, GND = 0V) 

TIMING REQUIREMENTS 



Symbol 


Parameter 


8257 


8257-5 


Unit 


Min. 


Max. 


Min. 


Max. 


T C Y 


Cycle Time (Period) 


0.320 


4 


0.320 


4 


us 


T e 


Clock Active (High) 


120 


.8T CY 


80 


.8T CY 


ns 


T QS 


DRQt Setup to CLKl (SI, S4) 


120 




120 




ns 


T QH 


DRQI Hold from HLDAt t1] 


0 




0 




ns 


T HS 


HLDAI or ISetup to CLKl(SI, S4) 


100 




100 




ns 


T RS 


_ READY Setup Time to CLKt(S3, Sw) 


30 




30 




ns 


T RH 


READY Hold Time from CLKf (S3, Sw) 


30 




30 




ns 
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A.C. CHARACTERISTICS— DMA (MASTER) MODE 

(8257: T A = 0°C to 70°C, V C c = 5.0V ±5%, GND = 0V) 
(8257-5: T A « 0°C to 70°C, Vcc = 5.0V ±10 %. GND = ov ) 
TIMING RESPONSES 



Symbol 


Parameter 


8257 


8257-5 


Unit 


Mln. 


Max. 


Mln. 


Max. 


T DQ 


HRQ| or IDelay from CLKt (SI, S4) 
(measured at 2.0V) 




160 




160 


ns 


T DQ1 


HRQt or IDelay from CLKt (SI, S4) 
(measured at3.3V) [al 








ocn 

£v>U 


ns 


Tael 


AENf Delay from CLK| (S1) 




300 




300 


ns 


T AET 


AEN| Delay from CLKt (SI) 




200 




200 


ns 


T AEA 


Ml 

Adr (AB) (Active) Delay from AENf (S1) m 


20 




20 




ns 


T FAAB 


Adr (AB) (Active) Delay from CLKf (S1) [2] 




250 




250 


ns 


T AFAB 


Adr (AB) (Float) Delay from CLKt (Sl) [2] 




150 




150 


ns 


Tasm 


Adr (AB) (Stable) Delay from CLKf (S1) [2] 




250 




250 


ns 


Tah ' 


Adr (AB) (Stable) Hold from CLKt (S1) [2] 


Tasm -50 




Tasm -so 




ns 


T AHR 


Adr (AB) (Valid) Hold from RDf (S1, Sl) [11 


60 




60 




ns 


T AHW 


Adr (AB) (Valid) Hold from Wrf (S1, Sl) [1] 


300 




300 




ns 


T FADB 


Adr (DB) (Active) Delay from CLKt (S1) L 1 




300 




300 


ns 


T AFDB 


Adr (DB) (Float) Delay from CLKt (S2) [21 


Tstt + 20 


250 


Tstt + 20 


170 


ns 


TaSS 


Adr (DB) Setup to Adr Stbi (S1-S2) [1] 


100 




100 




ns 


T AHS 


Adr (DB) (Valid) Hold from Adr Stb| (S2) [1] 


20 




20 




ns 


T STL 


Adr Stbt Delay from CLKt (S1) 




200 




200 


ns 


T STT 


Adr Stb| Delay from CLKt (S2) 




140 




140 


ns 


T SW 


Adr Stb Width (S1-S2) [1] 


T CY -100 




T CY -100 




ns 


T ASC 


Rdj or Wr(Ext)| Delay from Adr Stb| 










/ 

ns 


T DBC 


(Float) (S2) l1] 


20 




20 




ns 


T A K 


DACKt or IDelay from CLK| (S2, S1) and 
TC/Markt Delay from CLKt (S3) and 
TC/Markl Delay from CLKt (S4) [41 




250 




250 


ns 


T DCL 


RD| or Wr(Ext)4 Delay from CLKt (S2) and 
Wr| Delay from CLKt (S3) [2 ' 5] 




200 




200 


ns 


T DCT 


Rdt Delay from CLK| (S1, SI) and 
Wrf Delay from. CLKt (S4)t 2 ' 6 ^ 




200 




200 


ns 


T FAC 


Rdor Wr (Active) from CLKt (S1) [2] 




300 




300 


ns 


T AFC 


Rd or Wr (Active) from CLKt (S1) l2] 




150 




150 


ns 


T RWM 


Rd Width (S2-S1 orSI) m 


2T CY +T0-5O 




2T C Y+T0-5O 




ns 


T WWM 


Wr Width (S3-S4) 111 


Tcy-50 




Tcy-50 




ns 


T WWME 


WR(Ext) Width (S2-S4) [1] 


2T CY -50 




2T CY -50 




ns 



NOTES: 

1. Tracking Parameter. 3. Load = V 0H = 3.3V. 5. AT DCL < 50 ns. 

2. Load = + 50 pF. 4". AT AK < 50 ns. 6. AT DCT < 50 ns. 
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8259A/8259A-2/8259A-8 
PROGRAMMABLE INTERRUPT CONTROLLER 



■ IAPX 86, iAPX 88 Compatible 

■ MCS-80®, MCS-85® Compatible 

■ Eight-Level Priority Controller 

■ Expandable to 64 Levels 

a Programmable Interrupt Modes 



■ Individual Request Mask Capability 

■ Single + 5V Supply (No Clocks) 

■ 28-Pin Dual-ln-Line Package 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses 
NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input. 

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 

The 8259A is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the 
8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered). 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 



Intel Corporation Assumes No Responsibly for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Implied. 
©INTEL CORPORATION. 1980 2-120 AFN-00221C 




8259A/8259A-2/8259A-8 



Table 1. Pin Description 



Symbol 


Pin No. 


Typo 


Nam© and Function 


v C c 


28 


' 


Supply: +5V Supply. 


GND 


14 




Ground. 


OS 


1 




Chip Soloct: A low on this pin enables RD and WR communication between the CPU and the 8259A, 
INTA functions are independent of CS. 


Wn 


0 
c. 




Write: A low on this pin when CS is low enables the 8259A to accept command words from the CPU. 


RD 


3 


1 


Road: A low on this pin when CS is low enables the 8259A to release status onto the data bus for the 
CPU. 


D7-D0 


4-11 


I/O 


Bidirectional Data Bus: Control, status and interrupt-vector information is'transferred via this bus. 


CASq— CAS2 


12,13,15 


I/O 


Cascade Lines: The CAS lines form a private 8259A bus to control a multiple 8259A structure. These 
pins are outputs for a master 8259A and inputs for a slave 8259A. 


SP/EN 


16 


I/O 


Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered Mode it can be used 
as an output to control buffer transceivers (EN). When not in the buffered mode it is used as an input 
to designate a master (SP = 1) or slave (SP = 0). 


INT 


17 


0 


Interrupt: This pin goes high whenever a valid interrupt request is asserted. It is used to interrupt the 
CPU, thus it is connected to the CPUte interrupt pin. 


IR0-IR7 


18-25 


1 


Interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input 
(low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a high 
level on an IR input (Level Triggered Mode). 


INTA 


26 


1 


Interrupt Acknowledge: This pin is used to enable 8259A interrupt-vector data onto the data bus by 
a sequence of interrupt acknowledge pulses issued by the CPU. 


Ao 


27 


1 


AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A 
to decipher various Command Words the CPU writes and status the CPU wishes to read. It is typically 
connected to the CPU AO address line (A1 for iAPX 86, 88). 
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FUNCTIONAL DESCRIPTION 
Interrupts in Microcomputer Systems 

Microcomputer system design requires that I/O devices 
such as keyboards, displays, sensors and other com- 
ponents receive servicing in an efficient manner so that 
large amounts of the total system tasks can be assumed 
by the microcomputer with little or no effect on through- 
put. 

The most common method of servicing such devices is 
the Polled approach. This is where the processor must 
test each device in sequence and in effect "ask" each 
one if it needs servicing. It is easy to see that a large por- 
tion of the main program is looping through this con- 
tinuous polling cycle and that such a method would 
have a serious, detrimental effect on system through- 
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 
of using such devices. 

A more desirable method would be one that would allow 
the microprocessor to be executing its main program 
and only stop to service peripheral devices when it is 
told to do so by' the device itself. In effect, the method 
would provide an external asynchronous input that 
would inform the processor that it should complete 
whatever instruction that is currently being executed 
and fetch a new routine that will service the requesting 
device. Once this servicing is complete, however, the 
processor would resume exactly where it left off. 

This method is called Interrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains 
whether the incoming request has a higher priority value 
than the level currently being serviced, and issues an 
interrupt to the CPU based on this determination. 
Each peripheral device or structure usually has a special 
program or "routine" that is associated with its specific 
functional or operational requirements; this is referred 
to as a "service routine". The PIC, after issuing an Inter- 
rupt to the CPU, must somehow input information into 
the CPU that can "point" the Program Counter to the 
service routine associated with the requesting device. 
This "pointer" is an address in a vectoring table and will 
Often be referred to, in this document, as vectoring data. 

The 8259A 

The 8259A is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. It 
manages eight levels or requests and has built-in fea- 
tures for expandability to other 8259A's (up to 64 levels). 
It is programmed by the system's software as ah I/O 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re- 
quests are processed by the 8259A can be configured to 



match his system requirements. The priority modes can 
be changed or reconfigured dynamically at any time dur- 
ing the main program. This means that the complete 
interrupt structure can be defined as required, based on 
the total system environment. 
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Figure 3a. Polled Method 
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Figure 3b. Interrupt Method 
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CONTROL LOGIC 



is 



21 



INTERNAL BUS 



INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by two 
registers in cascade, the interrupt Request Register 
(IRR) and the In-Service Register (ISR). The IRR is used 
to store all the interrupt levels which are requesting ser- 
vice; and the ISR is used to store all the interrupt levels 
which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits set 
in the IRR. The highest priority is selected and s trobed 
into the corresponding bit of the ISR during INTA pulse. 

INTERRUPT MASK REGISTER (I MR) 

The IMR stores the bits which mask the interrupt lines 
to be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt 
request lines of lower priority. 

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. The 
Vqh level on this line is designed to be fully compatible 
with the 8080A, 8085A and 8086 input levels. 

INTA (INTERRUPT ACKNOWLEDGE) 

INTA pulses will cause the 8259 A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (mPM) of the 8259A. 

DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 8259 A to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. 

READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization Com- 
mand Word (ICW) registers and Operation Command 
Word (OCW) registers which store the various control 
formats for device operation. This function block also 
allows the status of the 8259A to be transferred onto the 
Data Bus. 

CS (CHIP SELECT) 

A LOW on this input enables the 8259A. No reading or 
writing of the chip will occur unless the device is 
selected. 

WR (WRITE) 

A LOW on this input enables the CPU to write control 
words (ICWs and OCWs) to the 8259A. 

RD (READ) 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In Service 
Register (ISR), the Interrupt Mask Register (IMR), or the 
Interrupt level onto the Data Bus. 



Figure 4b. 8259 A Block Diagram 



A 0 _ 

This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as reading the various status registers 
of the chip. This line can be tied directly to one of the ad- 
dress lines. 
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THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of all 
8259A's used in the system. The associated three I/O 
pins (CASO-2) are outputs when the 8259A is used as a 
master and are inputs when the 8259A is used as a 
. slave. As a master, the 8259A sends the ID of the inter- 
rupting slave device onto the CASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
address ont o the Data Bus during the next one or two 
consecutive INTA pulses. (See section "Cascading the 
8259A".) 



INTERRUPT SEQUENCE 

The powerful features of the 8259A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The nor- 
mal sequence of events during an interrupt depends on 
the type of CPU being used. 

The events occur as follows in an MCS-80/85 system: 

1.0ne or more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the corresponding IRR 
bit(s). 

2. The 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The C PU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259A will also release a CALL in- 
struction code (11001101) onto the 8-bit Data Bus 
through its D7-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group. 

6. These two INTA pulses allow the 8259A to release its 
preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is released at the first 
INTA pulse and and the h igher 8-bit address is re- 
leased at the second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8259A. In the AEO I mode the ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI command is 
issued at the end of the interrupt sequence. 

The events occurring in an iAPX 86 system are the same 
until step 4. 

4. Upon receiving an INTA from the CPU group, the high- 
est priority ISR bit is set and the corresponding IRR 
bit is reset. The 8259A does not drive the Data Bus 
during this cycle. 

5. The iAPX 86/10 will initiate a second INTA pulse. 
During this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the AEOI mode 
the l$R bit is reset at the end of the second INTA 
pulse. Otherwise, the ISR bit remains set until an 
appropriate EOI command is issued at the end of the 
interrupt subroutine. 



If no interrupt request is present at step 4 of either 
sequence (i.e., the request was too short in duration) the 
8259A will issue an interrupt level 7. Both the vectoring 
bytes and the CAS lines will look like an interrupt level 7 
was requested. 



■°.o 



READ/ 
WRITE 
LOGIC 



CONTROL LOGIC 



hi 



EI 



INTERRUPT MASK REG 



INTERNAL BUS 



Figure 4c. 8259A Block Diagram 



ADDRESS BUS (16) 



CONTROL BUS 



INTA 



CASCADE 
LINES 



A 0 D 7 D„ R~5 WR" INT INTA 



CAS 2 IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ 
§P/6N 7 6 5 4 3 2 1 0 



SLAVE PROGRESS/ L 
ENABLE BUFFER 



INTERRUPT 
REQUESTS 



Figure 5. 8259A Interface to Standard 
System Bus 
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INTERRUPT SEQUENCE OUTPUTS 
MCS-80®, MCS-85® 

This sequ ence is timed by three INTA pulses. During the 
first INTA pulse the CALL opcode is enabled onto the 
data bus. 

Content of First Interrupt 
Vector Byte 

D7 06 OS 04 D3 02 01 DO 



CALL CODE 110 0 110 1 



During the second INTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval = 4 bits A 5 -A 7 are programmed, while A 0 - 
A 4 are automatically inserted by the 8259A. When Inter- 
val = 8 only A 6 and A 7 are programmed, while A 0 -A 5 are 
automatically inserted. 



Content of Second Interrupt 
Vector Byte 



IR 


Interval * 4 




D7 


06 


05 


04 


03 


D2 


01 


00 


7 


A7 


A6 


A5 


1 


1 


1 


0 


0 


6 


A7 


A6 


A5 


1 


1 


0 


0 


0 


5 


A7 


A6 


A5 


1 


0 


1 


0 


0 


4 


A7 


A6 


A5 


1 


0 


0 


0 


0 


3 


A7 


A6 


A5 


0 


1 


1 


0 


0 


2 


A7 


A6 


A5 


0 


1 


0 


0 


0 


1 


A7 


A6 


A5 


0 


0 


1 


0 


0 


0 


A7 


A6 


A5 


0 


0 


0 


0 


0 




IR 


Interval = 8 




D7 


D6 


05 


D4 


D3 


D2 


D1 


DO 


7 


A7 


A6 


1 


1 


1 


0 


0 


0 


6 


A7 


A6 


1 


1 


0 


0 


0 


0 


5 


A7 


A6 


1 


0 


1 


0 


0 


0 


4 


A7 


A6 


1 


0 


0 


0 


0 


0 


3 


A7 


A6 


0 


1 


1 


0 


0 


0 


2 


A7 


A6 


0 


1 


0 


0 


0 


0 


1 


A7 


A6 


0 


0 


1 


0 


0 


0 


0 


A7 


A6 


0 


0 


0 


0 


0 


0 



During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed as 
byte 2 of the initialization sequence (A 8 -A 15 ), is 
enabled onto the bus. 



Content of Third Interrupt 
Vector Byte 

D7 D6 PS 04 D3 D2 D1 DO 

| A15 | A14 | A13 | A12 | A11 | A10 | A9 | A8 | 

iAPX 86, iAPX 88 

iAPX 86 mode is similar to MCS-80 mode except that only 
two Interrupt Acknowledge cycles are issued by the pro- 
cessor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 
MCS-80, 85 systems in that the 8259A uses it to internally 
freeze the state of the interrupts for priority resolution and 
as a master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this f irst cycle it does 



not issue any data to the processor and leaves its data bus 
buffers disabled. On the second interrupt acknowledge 
cycle in iAPX 86 mode the master (or slave if so pro- 
grammed) will send a byte of data to the processor with 
the acknowledged interrupt code composed as follows 
(note the state of the ADI mode control is ignored and 
A5-A11 are unused in iAPX 86 mode): 



Content of Interrupt Vector Byte 
for IAPX 86 System Mode 





07 


D6 


D5 


04 


03 


02 


D1 


DO 


IR7 


T7 


T6 


T5 


T4 


T3 


1 


1 


1 


IR6 


T7 


T6 


T5 


T4 


T3 


1 


1 


0 


IR5 


T7 


T6 


T5 


T4 


T3 


1 


0 


1 


IR4 


T7 


T6 


T5 


T4 


T3 


1 


0 


0 


IR3 


T7 


T6 


T5 


T4 


T3 


0 


1 


1 


IR2 


T7 


T6 


T5 


T4 


T3 


0 


1 


0 


IR1 


17 


T6 


T5 


T4 


T3 


0 


0 


1 


IRQ 


17 


T6 


T5 


T4 


T3 


0 


0 


0 



PROGRAMMING THE 8259A 

The 8259A accepts two types of command words gener- 
ated by the CPU: 

1. Initialization Command Words (ICWs): Before normal 
operation can begin, each 8259A in the system must 
be brought to a starting point — by a sequence of 2 to 
4 bytes timed by WE pulses. 

2. Operation Command Words (OCWs): These are the 
command words which command the 8259A to oper- 
ate in various interrupt modes. These modes are: 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 8259A anytime after 
initialization. 

INITIALIZATION COMMAND WORDS 

(ICWS) 

GENERAL 

Whenever a command is issued with A0 = 0 and D4 = 1, 
this is, interpreted as Initialization Command Word 1 
(ICW1). ICW1 starts the initialization sequence during 
which the following automatically occur. 

a. The edge sense circuit is reset, which means that fol- 
lowing initialization, an interrupt request (IR) input 
must make a low-to-high transition to generate an 
interrupt. 

b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. The slave mode address is set to 7. 

e. Special Mask Mode is cleared and Status Read is set to 
IRR. 

f. If IC4=0, then all functions selected in ICW4 are set to 
zero. (Non-Buffered mode*, no Auto-EOI, MCS-80, 85 
system). 

•Note: Master/Slave in ICW4 is only used in the buffered mode 
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INITIALIZATION COMMAND WORDS 1 AND 2 
(ICW1, ICW2) 

A 5 -A 15 : Page starting address of service routines. In an 
MCS 80/85 system, the 8 request levels will generate 
CALLS to 8 locations equally spaced in memory. These 
can be programmed to be spaced at intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a 
page of 32 or 64 bytes, respectively. 

The address format is 2 bytes long (A 0 -A 15 ). When the 
routine interval is 4, A 0 -A 4 are automatically inserted by 
the 8259A, while A 5 -A 15 are programmed externally. 
When the routine interval is 8, A 0 -A 5 are automatically 
inserted by the 8259A, while A 6 -A 15 are programmed 
externally. 

The 8-byte interval will maintain compatibility with cur- 
rent software, while the 4-byte interval is best for a com- 
pact jump table. 

In an iAPX 86 system A-15-A-n are inserted in the five most 
significant bits of the vectoring byte and the 8259A sets 
the three least significant bits according to the interrupt 
level. A-10-A5 are ignored and ADI (Address interval) has 
no effect. 



LTIM: 



ADI: 



If LTIM = 1, then the 8259A will operate in the 
level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 



CALL address interval. ADI = 
ADI = 0 then interval = 8. 



1 then interval = 4; 



SNGL: Single. Means that this is the only 8259A in the 
system. If SNGL= 1 no ICW3 will be Issued. 



IC4: 



If this bit is set - ICW4 has to be read. If ICW4 
is not needed, set IC4 = 0. 



INITIALIZATION COMMAND WORD 3 (ICW3) 

• This word is read only when there is more than one 
8259A in the system and cascading is used, in which 
case SNGL = 0. It will load the 8-bit slave register. The 
functions of this register are: 

a. In the master mode (either when SP = 1 , or in buffered 
mode when M/S=1 in ICW4) a "1" is set for each 
slave in the system. The master then will release byte 
1 of the call sequence (for MCS-80/85 system) and 
will enable the corresponding slave to release bytes 2 
and 3 (for iAPX 86 only byte 2) through the cascade 

. lines. 

b. In the slave mode (either when 3F=0, or if BUF= 1 
and M/S = 0 in ICW4) bits 2-0 identify the slave. The 
slave compares its cascade input with these bits and, 
if they are equal, bytes 2 and 3 of the call sequence (or 
just byte 2 for iAPX 86 are released by it on the Data 
Bus. 

' INITIALIZATION COMMAND WORD 4 (ICW4) 

SFNM: If SFNM = 1 the special fully nested mode is 
programmed. 

BUF: If BUF= 1 the buffered mode is programmed. In 
buffered mode SP/EN becomes an enable output 
and the master/slave determination is by M/S. 

MIS: If buffered mode is selected: M/S = 1 means the 
8259A is programmed to be a master, M/S = 0 
means the 8259A is programmed to be a slave. If 
BUF = 0, M/S has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt mode 
is programmed. 

j4PM: Microprocessor mode: /uPM = 0 sets the 8259A for 
MCS-80, 85 system operation, /xPM = 1 sets the 
8259A for iAPX 86 system operation. 






NEEDED 

TyES (IC4 = 1) 
ICW4 j 












.READY TO ACCEPT 
INTERRUPT REQUESTS 



Figure 6. Initialization Sequence 
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D, Dj 



LTIM ADI SNGL IC4 



CALL ADDRESS INTERVAL 
1 - INTERVAL OF 4 
0- INTERVAL OF 8 



A 7 -A 6 of INTERRUPT 
VECTOR ADDRESS 
(MCS-80/85 MODE ONLY) 



1 


X 


A 'X. 




X 


X 


































A, s -A 8 OF INTERRUPT 
VECTOR ADDRESS 

(MCS80/85 MODE) 
T 7 -T 3 OF INTERRUPT 
VECTOR ADDRESS 

(8086/8088 MODE) 


A 0 D 


ICW3 (MASTER DEVICE) 
7 °6 °S °« D 3 D, D, Dg 



= IR INPUT HAS A SLAVE 
- IR INPUT DOES NOT HAVE 
A SLAVE 



ICW3 (SLAVE DEVICE) 

D 4 Dj Dj D, 



ICW4 

Ao D7 D6 O5 0« D3 O2 Dl 





0 


0 


0 


SFNM 


BUF 


M/S 


AEOI 


UPM 



NOTE 1; SLAVE ID IS EQUAL TO THE CORRESPONDING 
MASTER IR INPUT. 



AUTO EOI 
= NORMAL EOI 



NON BUFFERED MODE 
8UFFEREO MODE/SLAVE 
BUFFERED MODE /MASTER 



1 = SPECIAL FULLY NESTED 
MODE 

0 = NOT SPECIAL FULLY 
NESTED MODE 



Figure 7. Initialization Command Word Format 
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OPERATION COMMAND WORDS (OCWs) 

After the Initialization Command Words (ICWs) are pro- 
grammed into the 8259A, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259A operation, a selection of algorithms can com- 
mand the 8259A to operate in various modes through 
the Operation Command Words (OCWs). 



OPERATION CONTROL WORDS (OCWs) 



0CW1 

AO 07 06 05 04 03 02 01 DO 

| 1 | | M7 M6 MS M4 M3 M2 M1 MO | 



0CW2 

0~| | R SL EOI 0 0 12 L1 LP | 



0CW3 

| 0 | | 0 ESMM SMM 0 1 P RR RIS | 



OPERATION CONTROL WORD 1 (0CW1) 

0CW1 sets and clears the mask bits in the interrupt \ 
Mask Register (IMR). M 7 - Mo represent the eight mask 
bits. M = 1 indicates the channel is masked 
(inhibited), M = 0 indicates the channel is enabled. 



OPERATION CONTROL WORD 2 (0CW2) 

R, SL, EOI — These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. A 
chart of these combinations can be found on the Opera- 
tion Command Word Format. 

L 2 , L-i, Lq — These bits determine the interrupt level acted 
upon when the SL bit is active. 



OPERATION CONTROL WORD 3 (0CW3) 

ESMM — Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM = 0 the SMM bit becomes a 
"don't care". 

SMM — Special Mask Mode. If ESMM = 1 and SMM = 1 
the 8259A will enter Special Mask Mode. If ESMM = 1 
and SMM = 0 the 8259A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 
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M3 M2 Ml MO 



INTERRUPT MASK 
1 ■= MASK SET 
0 = MASK RESET 




ROTATE ON NON-SPECIFIC EOI COMMAND 
ROTATE IN AUTOMATIC EOI MODE (SET) 
ROTATE IN AUTOMATIC EOI MODE (CLEAR) 
•ROTATE ON SPECIFIC EOI COMMAND 
'SET PRIORITY COMMAND 
NO OPERATION 

•LO-L2 ARE USED 



END OF INTERRUPT 



AUTOMATIC ROTATION 



SPECIFIC ROTATION 



READ REGISTER COMMAND 



READ 
IR REG 
ON NEXT 
RD PULSE 



READ 
IS REG 
ON NEXT 
RD PULSE 



SPECIAL MASK MODE 



Figure 8. Operation Command Word Format 
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FULLY NESTED MODE 

this mode is entered after initialization unless another 
mode is programmed. The interrupt requests are 
ordered in priority form 0 through 7 (0 highest). When an 
interrupt is acknowledged the highest priorjty request is 
determined and its vector placed on the bus. Additional- 
ly, a bit of the Interrupt Service register (ISO-7) is set. 
This bit remains set until the microprocessor issues an 
End of Interrupt (EOI) command immediately before 
returning from the service routine, or if AEOI (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
last INTA. While the IS bit is set, all further interrupts of 
the same or lower priority are inhibited, while higher 
levels will generate an interrupt (which will be 
acknowledged only if the microprocessor internal Inter- 
rupt enable flip-flop has been re-enabled through soft- 
ware). 

After the initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, in the rotating priority mode. 

END OF INTERRUPT (EOI) 

The In Service (IS) bit can be reset either automat ically 
following the trailing edge of the last in sequence INTA 
pulse (when /(EOI bit in ICW1 is set) or by a command 
word that must be issued to the 8259A before returning 
from a service routine (EOI command). An EOI command 
must be issued twice if in the Cascade mode, once for the 
master and once for the corresponding slave. 

There are two forms of EOI command: Specific and Non- 
specific. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine 
which IS bit to reset on EOI. When a Non-Specific EOI 
command is issued the 8259A will automatically reset 
the highest IS bit of those that are set, since in the 
fully nested mog'e the highest IS level was necessarily the 
last level acknowledged and serviced. A non-specific EOI 
can be issued with OCW2 (EOI = 1, SL = 0, R = 0). 

When a mode is used which may disturb the fully nested 
structure, the 8259A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of 
Interrupt must be issued which includes as part of the 
command the IS level to be reset. A specific EOI can be is- 
sued with OCW2 (EOI = 1, SL = 1, R = 0 v and LO-L2 is the 
binary level of the IS bit to be reset). 

It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOI if the 
8259A is in the Special Mask Mode. 

AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOI = 1 in ICW4, then the 8259A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 8259A will automatically perform a non- 
specific EOI operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80785, 
second in iAPX 86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 
interrupt structure is not required within a single 8259A. 

The AEOI mode can only be used in a master 8259A and 
not a slave. 



AUTOMATIC ROTATION 
(Equal Priority Devices) 

In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst 
case until each of 7 other devices are serviced at most 
once. For example, if the priority and "in service" status 
is: 

Before Rotate (IR4 the highest priority requiring service) 



IS7 


IS6 ISS 


IS4 IS3 IS2 IS1 ISO 


l» 


,|o 


1 | 0 | 0 | 0 | 0 | 


Low* 


•t Priority 


Highost Priority 




'.|. 


4 | 3 | 2 | 1 fo | 



After Rotate (IR4 was serviced, ail other priorities 
rotated correspondingly) 



IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 



Priority Status 



Highest Priority 

i „ i 



Lowest Priority 



There are two ways to accomplish Automatic Rotation 
using OCW2, the Rotation on Non-Specific EOI Command 
(R = 1 , SL = 0, EOI = 1) and the Rotate in Automatic EOI 
Mode which is set by (R = 1 , SL = 0, EOI = 0) and cleared 
by (R = 0, SL = 0, EOI = 0). 

SPECIFIC ROTATION 
(Specific Priority) 

The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
i.e., if IR5 is programmed as the bottom priority device, 
then IR6 will have the highest one. 

The Set Priority command is issued in OCW2 where: 
R = 1 , SL = 1 ; LO-L2 is the binary priority level code of the 
bottom priority device. 

Observe that in this mode internal status is updated by 
software control during OCW2. However, it is independent 
of the End of Interrupt (EOI) command (also executed by 
OCW2). Priority changes can be executed during an EOI 
command by using the Rotate on Specific EOI command 
in OCW2 (R = 1, SL = 1, EOI = 1 and LO-L2 = IR level to 
receive bottom priority). 

INTERRUPT MASKS 

Each Interrupt Request input can be masked individu- 
ally by the Interrupt Mask Register (IMR) programmed 
through OCW1. Each bit in the IMR masks one interrupt 
channel if it is set (1). Bit 0 masks IRO, Bit 1 masks IR1 
and so forth. Masking an IR channel does not affect the 
other channels operation. 
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SPECIAL MASK MODE 

Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priority 
requests for a portion of its execution but enable some 
of them for another portion. 

The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e., while executing a service routine), 
the 8259A would have inhibited all lower priority 
requests with no easy way for the routine to enable 
them 

That is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables inter- 
rupts from all other levels (lower as well as higher) that 
are not masked. 

Thus, any interrupts may be selectively enabled by 
loading the mask register. 

The special Mask Mode is set by OCW3 where: 
SSMM=1, SMM=1, and cleared where SSMM = 1, 
SMM = 0. 



POLL COMMAND 

In this mode the INT output is not used or the micropro- 
cessor internal Interrupt Enable flip-flop is reset, disabling 
its interrupt input. Service to devices is achieved by 
software using a Poll command. 

The Poll command is issued by setting P= "1" in OCW3. 
The 8259A treats the next pulse to the 8259A (i.e., 
R5 = 0, C5 = 0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the 
priority level. Interrupt is frozen from Wft to 

The word enabled onto the data bus during RE is: 

07 D6 PS 04 D3 02 01 DO 

| I - - - - W2 W1 WO | 

W0-W2: Binary code of the highest priority level 
requesting service. 
I: Equal to a "1" if there is an interrupt. 

This mode is useful if there is a r outine command com- 
mon to several levels so that the INTA sequence is not 
needed (saves ROM space). Another application is to 
use the poll mode to expand the number of priority 
levels to more than 64. 



LTIM BIT 
0=EOGE 
1 ~ LEVEL 



TO OTHER PRIORTY CELLS 



- CLR II 

- ISR Bl 



MCS-80, 85 
MODE ' 



IAPX86 
MODE 




■3 



SET 



PRIORITY 
RESOLVER 

\ CON 



INTERNAL 
* DATA BUS 



*99 



NOTES 

1 MASTER CLEAR ACTIVE ONLY DURING ICW1 

2 FREEZE/ IS ACTIVE DURING INTA/ AND POLL SEQUENCES ONLY 

3 TRUTH TABLE FOR D LATCH 

CIO I 0 I OPERATION 



Figure 9. Priority Cell — Simplified Logic Diagram * 
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READING THE 8259A STATUS 

The in put status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCW3 (IRR and ISR or OCW1 
[IMRJ). 

Interrupt Request Register (IRR): 8-bit register which con- 
tains the levels requesting an interrupt to be acknowl- 
edged. The highest request level is reset from the IRR 
when an interrupt is acknowledged. (Not affected by IMR.) 

In-Service Register (ISR): 8-bit register which contains the 
priority levels that are being serviced. The ISR is updated 
when an End of Interrupt Command is issued. 

Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 

The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1 , RIS = 0.) 

The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1 , RIS = 1 ). 

There is no need to write an OCW3 before every status 
read operation, as long as the status read corresponds 
with the previous one; i.e., the 8259A "remembers" 
whether the IRR or ISR has been previously selected by 
the OCW3. This is not true when poll is used. 

After initialization the 8259A is set to IRR. 

For reading the IMR, no OCW3 is needed. The output data 
bus will contain the IMR whenever RD is active and AO = 1 
(OCW1). 

Polling overrides status read when P = 1, RR = 1 in OCW3. 



EDGE AND LEVEL TRIGGERED MODES 

This mode is programmed using bit 3 in ICW1. 

If LTIM = '0\ an interrupt request will be recognized by a 
low to high transition on an IR input. The IR input can re- 
main high without generating another interrupt. 

If LTIM = '1', an interrupt request will be recognized by a 
'high' level on IR Input, and there is no need for an edge 
detection. The interrupt request must be removed before 
the EOI command is issued or the CPU interrupt is enabled 
to prevent a second interrupt from occurring. 

The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
8259A. Be sure to note that the request latch is a transpar- 
ent D type latch. 

In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first 
INTA. If the IR input goes low before this time a DEFAULT 
IR7 will occur when the CPU acknowledges the interrupt. 
This can be a useful safeguard for detecting interrupts 
caused by spurious noise glitches on the IR inputs. To im- 
plement this feature the IR7 routine is used for "clean up" 
simply executing a return instruction, thus ignoring the 
interrupt. If IR7 is needed for other purposes a default IR7 
can still be detected by reading the ISR. A normal IR7 
interrupt will set the corresponding ISR bit, a default IR7 
won't. If a default IR7 routine occurs during a normal IR7 
routine, however, the ISR will remain set. In this case it is 
necessary to keep track of whether or not the IR7 routine 
was previously entered. If another IR7 occurs it is a 
default. 



J K 



/ 




8086/8088 



EARLIEST IR 
CAN BE REMOVED 



EDGE TRIGGERED MODE ONLY 



Figure 10. IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 

This mode will be used in the case of a big system 
where cascading is used, and the priority has to be con- 
served within each slave. In this case the fully nested 
mode will be programmed to the master (using ICW4). 
This mode is similar to the normal nested mode with the 
following exceptions: 

a. When an interrupt request from a certain slave is in 
service this slave is not locked out from the master's 
priority logic and further interrupt requests from 
higher priority IR's within the slave will be recognized 
by the master and will initiate interrupts to the proc- 
essor. (In the normal nested mode a slave is masked 
out when its request is in service and no higher 
requests from the same slave can be serviced.) 

b. When exiting the Interrupt Service routine the soft- 
ware has to check whether the interrupt serviced was 
the only one from that slave. This is done by sending 
a non-specific End of interrupt (EOI) command to the 
slave and then reading its In-Service register and 
checking for zero. If it is empty, a non-specific EOI 
can be sent to the master too. If not, no EOI should be 
sent. 

BUFFERED MODE 

When the 8259A is used in a large system where bus 
driving buffers are required on the data bus and the cas- 
cading mode is used, there exists the problem of enabl- 
ing buffers. 

The buffered mode will structure the 8259A to send an 
enable signal on SP/EN to enable the buffers. In this 



mode, whenever the 8259A's data bus outputs are ena- 
bled, the SP/EN output becomes active. 

This modification forces the use of software program- 
ming to determine whether the 8259A is a master or a 
slave. Bit 3 in ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether it is a master or a slave. 

CASCADE MODE 

The 8259A can be easily interconnected in a system of one 
master with up to eight slaves to handle up to 64 priority 
levels. 

The master controls the slaves through the 3 line cascade 
bus. The c ascad e bus acts like chip selects to the slaves 
during the INTA sequence. 

In a cascade configuration, the slave interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowl- 
edged, the master will enable the corresponding slave to 
release the device routine address during bytes 2 and 3 of 
INTA. (Byte 2 only for 8086/8088). 

The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. Each 
8259A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOI command must be issued twice: once for 
the master and once for the corresponding slave. An 
address decoder is required to activate the Chip Select 
(CS) input of each 8259A. 

The cascade lines of the Master 8259A are activated only 
for slave inputs, non slave inputs leave the cascade line 
inactive (low). 



ADDRESS BUS (16) 



CONTROL BUS 



7S 



DATA BUS (8) 



CS A,, D0-7 INTA 



8259A 
SLAVE A 



CASO 
CAS 1 



CAS 2 

SP/EN 7 6 5 4 3 2 1 0 



7 6 5 4 3 2 1 0 



7X 



V 1 V 



CS A 0 



8259A 
SLAVE B 



IN r 
CASO 

CAS 1 

CAS 2 



SP~/EN7 6 5 4 3 2 1 



7 6 5 4 3 2 1 0 



INTERRUPT REQUESTS 



CS A 0 DO-7 INTA ' 
CASO 

•8259A 

CAS1 MASTER 
CAS 2 

SP/EN M7 M6 M5 M4 M3 M2 Ml MO 



3,2 1 0 



Figure 11. Cascading the 8259A 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin 

with Respect to Ground . . i -0.5V to +7V 

Power Dissipation 1 Watt 



*NOTICE: Stressed above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 



D.C. CHARACTERISTICS [T A « 0°C to 70°C, V C c = 5V ±5% (8259A-8), V cc =» 5V ±10% (8259A, 8259A-2)] 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0* 


V C c +05V 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iol - 2.2mA 


V 0 H 


Output High Voltage 


2.4 




V 


lOH = -400/u.A 


v OH(INT) 


Interrupt Output High 
Voltage 


3.5 




V 


<OH = -100/uA 


2.4 




V 


lOH = -400/wA 


«LI 


Input Load Current 


-10 


+10 


fiA 


ov ^V, N ^v C c 


'lol 


Output Leakage Current 


-10 


+10 


fiA 


0.45V ssVqut^ v cc 


f cc 


Vcc Supply Current 




85 


mA 




'lir 


IR Input Load Current 




-300 


fiA 


V| N = 0 




10 


fiA 


V|N = V CC 



*Note: For Extended Temperature EXPRESS V IH = 2.3V. 

CAPACITANCE (T A = 25°c ; v cc - gnd = ov) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 




Input Capacitance 






10 


PF 


fc = 1 MHZ 


C|/0 


I/O Capacitance 






20 


PF 


Unmeasured pins returned to V ss 



A.C. CHARACTERISTICS [T A = 0°C to 70°C, V C c = 5V ±5% (8259 A-8), V C c = 5V ± 10% (8259A, 8259 A-2)] 
TIMING REQUIREMENTS 



Symbol 


Parameter 


8259A-8 


8259A 


8259A-2 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TAHRL 


AO/CS Setup to RD/INTAi 


50 




0 




0 




ns 




TRHAX 


AO/CS Hold after RO/lRTA| 


5 




0 




0 




ns 




TRLRH 


RD Pulse Width 


420 




235 




160 




ns 




TAHWL 


AO/CS Setup to WR| 


50 




0 




0 




ns 




TWHAX 


AO/CS Hold after WR| 


20 




0 




0 




ns 




TWLWH 


WR Pulse Width 


400 




290 




190 




ns 




TDVWH 


Data Setup to WRf 


300 




240 




160 




ns 




TWHDX 


Data Hold after WRf 


40 




0 




0 




ns 




TJLJH 


Interrupt Request Width (Low) 


100 




100 




100 




ns 


See Note 1 


TCVIAL 


Cascade Setup to Second or Third 
INTA1 (Slave Only) 


i 

55 




55 




40 




ns 




TRHRL 


End of RD to next RD 

End of INTA to next INTA within 

an INTA sequence only 


160 




160 




160 




ns 




TWHWL 


End ofWRto nextWR 


190 




190 




190 




ns 
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A.C. CHARACTERISTICS (Continued) 



Symbol 


Parameter 


8259A-8 


8259A 


8259A-2 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


*TCHCL 


End of Command to next Command 
(Not same command type) 

End of INTA sequence to next 
INTA sequence. 


500 




500 




500 




- ns 





* Worst case timing forTCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6/us, 
8085 A-2 = 1 ixs, 8086 = 1/xS, 8086-2 = 625 ns) 

NOTE: This is the low time required to clear the input latch in the edge triggered mode. 



TIMING RESPONSES 



Symbol 


Parameter 


8259A-8 


8259A 


8259A-2 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TRLDV 


Data Valid from RD/INTA| 




300 




200 




120 


ns 


C of Data Bus = 
100 pF 

C of Data Bus 

Max text C = 100 pF 

Mm. test C = 15 pF 

Cint = 100 pF 
c cascade - 100 pF 


TRHDZ 


Data Float after RD/ INTAj 


10 


200 


10 


100 


10 


85 


ns 


TJHIH 


Interrupt Output Delay 




400 




350 




300 


ns 


TIALCV 


Cascade Valid from First INTAj 
(Master Only) 




565 




565 




360 


ns 


TRLEL 


Enable Active from RDj or INTAj 




160 




125 




100 


ns 


TRHEH 


Enable Inactive from RDj or INTA] 




325 




150 




150 


ns 


TAHDV 


Data Valid from Stable Address 




350 




200 




200 


ns 


TCVDV 


Cascade Valid to Valid Data 




300 




300 




200 


ns 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1 
AND 0 8V FOR A LOGIC 0 " 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



I 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



WRITE 



t 



7 



, ADDRESS BUS 



X 



X 



X 



X 
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WAVEFORMS (Continued) 

READ/INTA 




OTHER TIMING 
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WAVEFORMS (Continued) 



INTA SEQUENCE _ 

J 



INT - 
INTA- 



OB- 



TCVIAL 



A 



NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA. 
1 . CVcle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active. 
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8355/8355-2 
16,384- BIT ROM WITH I/O 



■ 2048 Words x 8 Bits ■ Each I/O Port Line Individually 

Programmable as Input or Output 

■ Single + 5V Power Supply 

■ Multiplexed Address and Data Bus 

■ Directly Compatible with 8085A 

and iAPX 88 Microprocessors ■ Internal Address Latch 

■ 2 General Purpose 8-Bit I/O Ports ■ 40-Pin DIP 

The Intel® 8355 Is a ROM and I/O chip to be used in the 8085A and iAPX 88 microprocessor systems. The ROM portion is 
organized as 2048 words by 8 bits. It has a maximum access time of 450 ns to permit use with no wait states in the 8085A 
CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 lines and each I/O port line is individually pro- 
grammable as input or output. 

The 8355-2 has a 300 ns access time for compatibility with the 8085A-2 and 5 MHz iAPX 88 microprocessors. 



CEi~ 
IO/M- 
ALE- 
RD- 

iow- 

RESET- 
iOR- 



2KX 8 
ROM 



<5> 



rn 



V cc (+5V) 
V ss (0V) 



Figure 1. Block Diagram 



CE,C 


1 


^ 40 


=» V CC 


CE 2 C 


2 


39 


Dpb 7 


clkC 


3 


38 


>B 6 


RESET C 


4 


37 


3pb 5 


N C (NOT CONNECTED)* C 


5 


36 


1PB 4 


READY C 


6 


35 


JPB 3 


io/mC 




34 


2PB 2 


JOR C 


8 


33 


Dpb, 


RDC 


9 8355/8355-2 32 


□ pb 0 


iowC 


10 


31 


3pa 7 


aleC 


11 


30 


□ pa 6 


AD 0 C 


12 


29 


□ pa 5 


AD^ 


13 


28 


Dpa 4 


AD 2 C 


14 


27 


Dpa 3 


AD 3 C 


15 


26 


>A 2 


AD 4 C 


16 


25 


□ pa. 


AD 5 C 


17 


24 


hpa 0 


AD eC 


18 


23 


Da 10 


°°AD 7 C 


19 


22 


□ a 9 


v ssC 


20 


21 


3a 8 



*For 8755A compatibility, pi.n 5 should be directly tied to VCC> 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


ALE 


I 


AddressLatch Enable: When high, AD0-7, IO/M, As— 10, CE2, and CE~i enter the address latches. The signals 
(AD, l/OM, Ae-10, CE 2 , CE1) are latched in at the trailing edge of ALE. 


AD 0 _7 


I 


Address/Data Bus (Bidirectional): The lower 8-bits of the ROM or I/O address are applied to the bus lines when 
ALE is high. During an I/O cycle, Port A or B is selected based on the latched value of AD 0 . If RD or IOR is low when 
the latched chip enables are active, the output buffers present data on the bus. 


A8-10 


I 


Address Bus: High order bits of the ROM address. They do not affect I/O operations. 


CE 2 


I 


Chip Enable Inputs: CE1 is active low and CE2 is active high. The 8355 can be accessed only when BOTH Chip 
Enables are active at the time the ALE signal latches them up. If either Chip Enable input is not active, the 
A Do— 7 and READY outputs will be in a high impedance state. 


IO/M 


I 


I/O Memory: If the latched IO/M is high when RD is low, the output data comes from an I/O port. If it is low, the out- 
put data comes from the ROM, 


RD 




Read: If the latched Chip Enables are active when RD goes low, the AD0-7 output buffers are enabled and output 
either the selected ROM location or I/O port. When both RD and IOR are high, the AD0-7 output buffers are 3-stated. 


IOW 


i 


I/O Write: If the latched Chip Enables are active, a low on IOW causes the output port pointed to by the latched 
value of ADo to be written with the data on AD0-7. The state of IO/M is ignored. 


CLK 


I 


Clock: Used to force the READY into its high impedance state after it has been forced low by CE1 low, CE 2 high 

and Al F hinh 


READY 


0 


READY: A 3-state output controlled by CE~i , CE 2 , ALE and CLK. READY is forced low when the Chip Enables are 
active during the time ALE is high, and remains low until the rising edge of the next CLK. 


PAo-7 


I/O 


Port A: General purpose I/O pins. Their input/output direction is determined by the contents of Data Direction 
negisier ^uunj. non m is selected ior wrue operations wnen ine onip cnaijies are acuve anu hjvv is iuw anu a 
0 was previously latched from ADo, ADi. 

Read operation is selected by either IOR low and active Chip Enables and ADo and ADi low, or IO/M high, RD 
low, active chip enables, and AD 0 and AD^ LOW. 


PBo-7 


I/O. 


Port B: This general purpose I/O port is identical to Port A except that it is selected by a 1 latched from ADo 
and a 0 from ADi. 


RESET 




Reset: An input high causes ail pins in Port A and B to assume input mode. (Clear DER Register). 


IOR 


I 


I/O Read: When the Chip Enables are active, a low on IOR will output the selected I/O port onto the AD bus. IOR low 
performs the same function as the combination IO/M high and RD low. When IOR is not used in a system, IOR 
should be tied to Vcc (""•")• 


v C c 




Voltage: +5 volt supply. 


v S s 




Ground: Ground Reference. * 
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FUNCTIONAL DESCRIPTION 
ROM Section 

The 8355 contains an 8-bit address latch which allows it 
to interface directly to MCS-48, MCS-85, and iAPX 88/10 
Microcomputers without additional hardware. 

The ROM section of the chip Ts addressed by an 11-bit 
address and the Chip Enables. The address and levels on 
the Qhip Enable pins are latched into the address latches 
on the falling edge of ALE. If the latched Chip Enables 
are active and IO/M is low when RD goes low, the contents 
of the ROM location addressed by the latched address 
are put but through AD0-7 output buffers. 

I/O Section 

The I/O section of the chip is addressed by the latched 
value of ADo-1. Two 8-bit Data Direction Registers (DDR ( ) 
in 8355 determine the input/output status of each pin in 
the corresponding ports. A "0" in a particular bit position 
of a DDR signifies that the corresponding I/O port bit is 
in the input mode. A "1" in a particular bit position signi- 
fies that the corresponding I/O port bit is in the output 
mode. In this manner the I/O ports of the 8355 are bit-by- 
bit programmable as inputs or outputs. The table sum- 
marizes port and DDR designation. DDR's cannot be 
read. 



ADi 


ADo 


Selection 


0 


0 


Port A 


0 


1 


Port B 


1 


0 


Port A Data Direction Register (DDR A) 


1 


1 


Port B Data Direction Register (DDR B) 



When IOW goes low and the Chip Enables are active, the 
data on the ADo-7 is written into I/O port selected by the 
latched value of ADo-1 During this operation all I/O bits 
of the selected port are affected, regardless of their I/O 
mode and the sta te of IO/M The actual output level does 
not change until IOW returns high (glitch free output). 

A port can be read out when the latched Chip Enables are 
active and either RD goes low with IO/M high, or IOR 
goes low. Both input and output mode bits of a selected 
port will appear on lines AD0-7. 

To clarify the function of the I/O ports and Data Direction 
Registers, the following diagram shows the configurat'on 
of one bit of PORT A and DDR A. The same logic applies 
to PORT B and DDR B 

Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch's output buffer to be 
disabled, preventing the data in the output latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Out- 
put Buffer has been disabled. This enables a port to be 
initialized with a value prior to enabling the output. 

The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 



ONE BIT OF PORT A AND DDR A 



OUTPUT 
ENABLE 



DDR 
LATCH 



CLR CLK 



-a 



READ PA 

WRITE PA = (iOW=0) • (CHIP ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 

WRITE DDR A = (IOW=0) •JCHIP ENABLES ACTIVE) • (DDR A A00RESS SELECTED) 

READ PA = { [(I0/M=1) • (RD=0)] + (IOR=0)} • (CHIP ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 

NOTE WRITE PA IS NOT QUALIFIED BY 10/M 



Figure 3. 8355 One Bit of Port A and DDR A 
SYSTEM APPLICATIONS 
System Interface with 8085A and iAPX 88 

A system using the 8355 can use either one of the two 
I/O Interface techniques. 

• Standard I/O 

• Memory Mapped I/O 

If a standard I/O technique is used, the system can use 
the feature of both CE 2 and CE^ By using a combina- 
tion of unused address lines An-15 and the Chip 
Enable inputs, the system can use up to 5 each 8355' s 
without requiring a CE decoder. See Figure 5a and 5b. 

If a memory mapped I/O approach is used the 8355 will 
be selected by the combination of both the Chip En- 
ables and IO/M using AD 8 _ 15 address lines. See Figure 
4. 



<5 




,D 0-7 A 8-10 RD CLK « I0/M_ 
ALE iOW READY CE 



Figure 4. 8355 in 8085A System 
(Memory-Mapped I/O) 
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iAPX 88 FIVE CHIP SYSTEM: 



• 1.25 K Bytes RAM 

• 2 K Bytes ROM 

• 38 I/O Pins 

• 1 Internal Timer 

• 2 Interrupt Levels 




CLK 
READY 



8284A 

RESET 



MN/MX 
ALE 



WR 
IO/M 



GND 

(Vss) 



MANUAL 
RESET 



-6 6- 



c 



V \7 



Vss v cc 



CE 


PORT 


WR 

PORT 
RD B 
8155-2 


ALE 


PORT 


DATA/ 




ADDR 


IN 


IO/M" 


TIMER 


RESET 


OUT 



IOW 




RD 




ALE 




CE 


POR I 


A 8-10 




8355-2 


DATA/ 




ADDR 




IO/M 


PORT 


RESET 




READY 


IOR 



1<A> 



TIL 



v S s v cc v DD 



-N 
V 



WR 

RD 

CE~i 

811 

ALE 

CS, 
CE 2 
A 8 , A 9 

AD 0 _ 7 



V SS Vcc 



Figure 5a. iAPX 88 Five Chip System Configuration 



2-141 



AFN-00234D 



RD CLK 10/M 
ALE IOW READY CE 2 
8355 
(2K BYTES) 



A/D o-7 A 8-10 RD CLK 10/M 

ALE IOW READY CE, 
8355 
(2K BYTES) 



A/D 0-7 A »-1Q R° CLK 10/M 
1 ALE iOW READY CE, 



(2K BYTES) 



A/Dp. 7 A W8 RD CLK IO/K 

ALE iOW READY CE 2 
8355 

(2K BYTES) 



RD CLK IO/H 
ALE IOW READY CE 2 



(2K BYTES) 



NOTE: Use CE^ for the first 8355 in the system, and CE2 for the other 8355's. Permits up to 5-8355's in a system without CE decoder. 



Figure 5b. 8355 in 8085A System (Standard I/O) 
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ABSOLUTE MAXIMUM RATINGS 4 



Temperature Under Bias 0°Cto+70°C 

Storage Temperature -65° C to +150° C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1.5W 

D.C. CH ARACTERISTICS (t a = o°c to 70°c ; v cc = 5V ± 5%) 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 


V CC = 5.0V 


V| H 


Input High Voltage 


2.0 


Vcc+0.5 


V 


V CC = 5.0V 


Vol 


Output Low Voitage 




0.45 


V 


Iol = 2mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = -400mA 


IlL 


Input Leakage 




10 


ma 


0V ^ V IN ^ V cc 


Ilo 


Output Leakage Current 




±10 


ma 


0.45V <V 0U T <V CC 


•cc 


Vcc Supply Current 




180 


mA 





A.C. CHARACTERISTICS (T A = o°cto 70°c ; v cc = 5V ± 5%) 



Symbol 


Parameter 


8355 


8355-2 




Min. 


Max. 


Min. 


Max. 


Units 


tCYC 


Clock Cycle Time 


320 




200 




ns 


Ti 


CLK Pulse Width 


80 




40 




ns 


T 2 


CLK Pulse Width 


120 




70 




ns 


tf.tr 


CLK Rise and Fall Time 




30 




30 


ns 


tAL , 


Address to Latch Set Up Time 


50 




30 




ns 


t|_A 


Address Hold Time after Latch 


80 




45 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Delay from READ Control* 




170 




140 


ns 


tAD 


Address Stable to Data Out Valid** 




450 




300 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float after READ 


0 


100 


0 


85 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width 


250 




200 




ns 


tDW 


Data In to Write Set Up Time 


150 




150 




ns 


tWD 


Data In Hold Time After WRITE 


30 




10 




ns 


tWP 


WRITE to Port Output 




400 




300 


ns 


tPR 


Port Input Set Up Time 


50 




50 




ns 


tRP 


Port Input Hold Time 


So 




50 




ns 


tRYH 


READY HOLD Time 


0 


160 


0 


160 


ns 


tARY 


ADDRESS (CE) to READY 




160 




160 


ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


tRDE 


READ Control to Data Bus Enable 


10 




10 




ns 



*Or Tad-(Tal + T|_c), whichever is greater. 

** Defines ALE to Data out Valid in conjunction with TaL- 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



^> TEST POINTS <^ 



A C TESTING INPUTS ARE DRIVEN AT 2 4 V FOR A LOGIC T' AND 0 45V FOR 
A LOGIC "0 " TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1 " 
AND 0 8V FOR A LOGIC "0 " 



WAVEFORMS 



DEVICE 
UNDER 
TEST 



I 



C L = 150 pF 



C = 150 pF 

C L INCLUDES JIG CAPACITANCE 



ROM READ AND I/O READ AND WRITE 



A 8-1_0 \/ 
IO/M fi v 



(CE^O -CE 2 = 1) 



J 



X 



x 



X 



\_ / \ / V J V 



* Please note that for 8755A compatibility, CEi should remain low for the entire read cycle. 



|* T 2 - 



XI 



) G 



J 



I 
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WAVEFORMS (Continued) 



INPUT MODE 



OUTPUT MODE 



RD OR 

ion 



PORT 
INPUT 



3: 



X 



DATA 
BUS 



:::::::x 



\ 



PORT 
OUTPUT 



::::::::::::x 



GLITCH FREE 
' OUTPUT 



DATA* 
BUS 



:::::x 



x 



*DATA BUS TIMING IS SHOWN IN FIGURE 4. 





~> 



f- V 



- *RYH 



NOTE: Ready = 0. 
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8755A/8755A-2 
16, 384- BIT EPROM WITH I/O 



2048 Words x 8 Bits 

Single + 5V Power Supply (V cc ) 

Directly Compatible with 8085 A 
and 8088 Microprocessors 

U.V. Erasable and Electrically 
Reprogrammable 

Internal Address Latch 



■ 2 General Purpose 8-Bit I/O Ports 

■ Each I/O Port Line Individually 
Programmable as Input or Output 

■ Multiplexed Address and Data Bus 

■ 40-Pin DIP 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 8085A and 
iAPX 88 microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access 
time of 450 ns to permit use with no wait states in an 8085A CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individually 
programmable as input or output. 

The 8755A-2 is a high speed selected version of the 8755A compatible with the 5 MHz 8085A-2 and the 5 MHz iAPX 88 
microprocessor. 



READY 



A 8~10 ? ""^ 



CE 2 - 
IO/M- 
ALE- 
RD- 

ioW- 

RESET- 
iOR- 



1 



2Kx8 
EPROM 



3 



y lPORTAK 

yi P0RTB K 



•V cc (+5V) 
Vcc (0V) 



PROG AND CE-) £ 


1 


40 


3V CC 


CE 2 C 


2 


39, 


]PB 7 


CLK C 


3 


38 


DP B 6 


RESET C 


4 


37 


DPBb 




5 


36 


I]PB 4 


READY C 


6 


35 




IO/M C 


7 


, 34 


JPB 2 


ioR C 


8 


33 


D PB i 


rdC 


9 


32 


□ PBo 


iow C 


10 , 


8755A/ 31 


□ PA 7 


aleC 


11 


8755A-2 30 


□ PA 6 




12 


29 


□ PA 5 


AD lC 


13 


28 


□ PA 4 


ad 2 c 


14 


27 


□ PA 3 


AD 3 C 


15 


26 


□ p A 2 


AD 4 C 


16 


25 


D PA i 


AD 5 C 


17 


24 


3 PA o 




18 


23 


□ A 10 


AD 7 C 


19 


22 


□ A 9 


v ss q 


20 


21 


D A 8 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 



Intel Corporation Assumes No Responsibly for the, Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Implied 
©INTEL CORPORATION, 1980 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


ALE 




Address Latch Enable: When Address 
Latch Enable goes high, AD 0 ~7, IO/M, 
Ae-io, CE 2) and CE-i enter the address 
latches. The signals (AD, IO/M AD 8 _io, 
CE 2 , CE1) are latched in at the trailing 
edge of ALE. 


AD0-7 


1 


Bidirectional Address/Data Bus: The 

lower 8-bits of the PROM or I/O address 
are applied to the bus lines when ALE is 
high. 

During an I/O cycle, Port A or B is 
selected based on the latched value of 
AD 0 . IF RD or IOR is low when the latched 
Chip Enables are active, the output buf- 
fers present data on the bus. 


A3— *io 


1 


Address Bus: These are the high order 
bits of the PROM address. They do not 
affect I/O operations. 


PROG/CE^ 
CE2 


1 


Chip Enable Inputs: CE-| is active low 
and CE2 is active high. The 8755A can be 
accessed only when both Chip Enables 
are active at the time the ALE signal 
latches them up. If either Chip Enable 
input is not active, the AD0-7 and 
READY outputs will be in a high impe- 
dance state.CEi is also used as a pro- 
gramming pin. (See section on 
programming.) 


IO/M 


■ 


I/O Memory: If the latched IO/M is high 
when RD is low, the output data comes 
from an I/O port. If it is low the output 
data comes from the PROM. 


RD 


1 


Read: If the latched Chip Enables are 
active when RD goes low, the AD0-7 
output buffers are enabled and output 
either the selected PROM location or I/O 
port. When both RD and IOR are high, 
the AD 0 -7 output buffers are 3-stated. 


IOW 


1 


I/O Write: If the latched Chip Enables are 
active, a low on IOW causes the output 
port pointed to by the latched value of 
ADq to be writtenwith the data on AD0-7. 
The state of IO/M is ignored. 


CLK 


l 


Clock: The CLK is used to force the 
READY into its high impedance state 
after it has been forced low by CE-| low, 
CE 2 high, and ALE high. 



Symbol 


Type 


Name and Function 


READY 


0 


Ready is a 3-state output controlled by 
eEi, CE 2 , ALE and CLK. READY is forc- 
ed low when the Chip Enables are active 
during the time ALE is high, and re- 
mains low until the rising edge of the 
next LrLK. (oee rigure oc; 


PA0-7 


I/O 


Port A: These are general purpose I/O 
pins. Their input/output direction is de- 
termined by the contents of Data Direc- 
tion Register (DDR). Port A is selected for 
write operations when the Chip Enables 
are active and IOW is low and a 0 was 
previously latched from ADo, AD-j . 

Read Operation is selected by either TOR 
low and active Chip Enables and AD 0 
and AD-t low, or IO/M high, RD low, active 
Chip Enables, and ADq and AD-) low. 


PB0-7 


I/O 


Port B: This general purpose I/O port is 
identical to Port A except that it is 
selected by a 1 latched from ADq and a 0 
from AD-| . 


RESET 




Reset: in normal operation, an input 
high on RESET causes all pins in Ports A 
and B to assume input mode (clear DDR 
register). 


IOR 


I 


I/O Read: When the Chip Enables are 
active, a low on IOR will output the 
selected I/O port onto the AD bus. To"R* 
low performs the same function as the 
combination of IO/M high and RD low. 
When IOR is not used in a system, IOR 
should be tied to V C c (""•")• 


v C c 




Power: +5 volt supply. 


v S s 




Ground: Reference. 


V D D 




Power Supply: V DD is a programming 
voltage, and must be tied \Q Ycc when 
the 8755A is being read. 

For programming, a high voltage is 
supplied With Vdd = 25V, typical. (See 
section on programming.) 
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FUNCTIONAL DESCRIPTION 
PROM Section 

The 8755A contains an 8-bit address latch which allows it 
to interface directly to MCS-48, MCS-85 and iAPX 88/10 
Microcomputers without additional hardware. 

The PROM section of the chip is addressed by the 11 -bit 
address and the Chip Enables. The address, CE 1 and 
CE 2 are latched into the address latches on the falling 
edge of ALE. If the latched Chip Enables are active and 
IO/M is low when RO goes low, the contents of the 
PROM location addressed by the latched address are 
put out on the AD 0 _ 7 lines (provided that V DD is tied to 
Vcc-) 

I/O Section 

The I/O section of the chip is addressed by the latched 
value of AD0-1. Two 8-bit Data Direction Registers (DDR) 
in 8755 A determine the input/output status of each pin 
in the corresponding ports. A "0" in a particular bit posi- 
tion of a DDR signifies that the corresponding I/O port bit 
is in the input mode. A "1 " in a particular bit position signi- 
fies that the corresponding I/O port bit is in the output 
mode. In this manner the I/O ports of the 8755A are bit-by- 
bit programmable as inputs or outputs. The table 
summarizes port and DDR designation. DDR's cannot be 
read. 



87S5A 

ONE BIT OF PORT A AND DDR A 



ADi 


ADo 


Selection 


0 


0 


Port A 


0 


1 


Port B 


1 


0 


Port A Data Direction Register (DDR A) 


1 


1 


Port B Data Direction Register (DDR B) 



When IOW goes low and the Chip Enables are active, 
the data on the AD 0 _7 is written into I/O port selected 
by the latched value ofi AD 0 _i. During this operation all 
I/O bits of the selected port are affected, regardless of 
their I/O mode and the stat e of IO/M. The actual output 
level does not change until fOW returns high, (glitch free 
output) 

A port can be read out when the latched Chip E nable s are 
active and either RD goes low withJO/M high, or IOR goes 
low. Both input and output mode bits of a selected port 
will appear on lines ADo-7. 

To clarify the function of the I/O Ports and Data Direction 
Registers, the following diagram shows the configuration ' 
of one bit of PORT A and DDR A. The same logic applies 
to PORT B and DDR B. 



\7 





OUTPUT 
„ LATCH n 
D Q 

CLK 




Do 


— 1 

, , OUTPUT 
ENABLE 


i 

WRITE PA 


DDR 
0 LATCH Q 
CLR CLK 


n 

RESET 

D 0 




t 

WRITE DDR A 

r- 





WRITE PA < (IOW-0) • (CHIP ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 

WRITE DOR A * (iOW'O) • (CHIP ENABLES ACTIVE) • (ODR A AOORESS SELECTEO) 

REAO PA * { [(IO/ffi-1 ) • (TO-0)] + (IOR*0)} • (CHIP ENABLES ACTIVE) • (PORT A AOORESS SELECTED) 

NOTE: WRITE PA IS NOT QUALIFIED BY 10/M. 



Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch's output, buffer to be 
disabled, preventing the data in the Output Latch from 
being passed through to the pjn. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Output 
Buffer has been disabled. This enables a port to be ini- 
tialized with a value prior to enabling the output. 

The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 

TABLE 1. 8755A PROGRAMMING MODULE CROSS 
REFERENCE 



MODULE NAME 


USE WITH 


UPP 955 


UPP(4), 


UPP UP2(2) 


UPP 855 


PROMPT 975 ' 


PROMPT 80/85(3) 


PROMPT 475 


PROMPT 48(1) 


NOTES: 




1. Described on p. 13-34 of 1978 Data Catalog. 


2. Special adaptor socket. 


3. Described on p. 13-39 of 1978 Data Catalog. 


4. Described on p. 13-71 of 1978 Data Catalog. 
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ERASURE CHARACTERISTICS 

The erasure characteristics of the 8755A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 8755A in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
If the 8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
are available from Intel which should be placed over the 
8755 window to prevent unintentional erasure. 

The recommended erasure procedure for the 8755A is 
exposure to shortwave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., 
UV intensity X exposure time) for erasure should be a 
minimum of 15W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000>W/cm2 power rating. The 
8755A should be placed within one inch from the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes and this filter should be removed before erasure. 

PROGRAMMING 

Initially, and after each erasure, all bits of the EPROM 
portions of the 8755A are in the "1" state. Information is 
introduced by selectively programming "0" into the 
desired bit locations. A programmed "0" can only be 
changed to a "1" by UV erasure. 

The 8755A can be programmed on the Intel® Universal 
PROM Programmer (UPP), and the PROMPT™ 80/85 and 
PROMPT-48™ design aids. The appropriate programming 
modules and adapters for use in programming both 
8755A's and 8755's are shown in Table 1 . 

The program mode itself consists of programming a 
single address at a time, giving a single 50 msec pulse 
for every address. Generally, it is desirable to have a 
verify cycle after a program cycle for the same address 
as shown in the attached timing diagram. In the verify 
. cycle (i.e., normal memory read cycle) 'N/pp' should 
be at +5V. 

Preliminary timing diagrams and parameter values per- 
taining to the 8755A programming operation are con- 
tained in Figure 7, 



SYSTEM APPLICATIONS 

System Interface with 8085A and iAPX 88 

A system using the 8755A can use either one of the two I/O 
Interface techniques: 

• Standard I/O 

• Memory Mapped I/O 

If a standard I/O technique i s use d, the system can use 
the feature of both CE 2 and CE^ By using a combina- 
tion of unused address lines Ai-,_i 5 and the Chip 
Enable inputs, the 8085A system can use up to 5 each 
8755A's without requiring a CE decoder. See Figure 4a 
and 4b. 

If a memory mapped I/O approach is used the 8755A will 
be selected byjhe combination of both the Chip 
Enables and IO/M using AD 8 _ 15 address lines. See 
Figure 3. 



3 



ivv 



A 8 -10 RD CLK I0/M_ 
ALE I0W READY CE 



Figure 3. 8755A in 8085A System 
(Memory-Mapped I/O) 
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iAPX 88 FIVE CHIP SYSTEM 

Figure 4 shows a five chip system containing: 

• 1.25K Bytes RAM 

• 2K Bytes ROM 

• 38 I/O Pins 

• 1 Interval Timer 

• 2 Interrupt Levels 




T 

GND 

(Vss) 



CLK 
READY 



RES 



8284 
RESET 



A$— A19 



AD 0 -AD, 
CLK 



V 



8088 
READY 

MN/MX- 
ALE 

RST @ RD 
WR 
IO/M 



MANUAL 
RESET 



-c3 ?>- 



c 



C"E 


PORT 
PORT 


WR 


RD .,«-a B 


ALE 


PORT 


DATA/ 




ADDR 


IN 


IO/M 


TIMER 


RESET 


OUT 



iow 

RD 
ALE 

51 



A 8-10 

8355-2/ 
8755A-2 

-N DATA/ 
-j/ ADDR 

IO/M PORT 

RESET 

READY 

IOR 



■MIL, 

Vss Vcc v DD 



WR 
RD 

CE, 

81 C 

ALE 
CS, 
CE 2 
A 8 , A 9 
AD 0 . r 



V SS V C C 



Figure 4a. iAPX 88 Five Chip System Configuration 
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00 

cn 
> 
CO 



a 
a. 



T<><> 



RD CLK 10/M 
ALE iOW READY CE, 



T V V 



RO CLK 10/M 
ALE IOW READY CE 2 



TV V 



A 13 



RD CLK 10/M 
ALE IOW READY CE 2 



RD CLK 10/fM 
ALE IOW READY CE 



8755A 
(2K BYTES) 



RD CLK 10/M 
ALE IOW READY CE 2 

8755A 
(2K BYTES) 



00 
■>! 

cn 
oo 
cn 
io 



Note: Use CE<j for the first 8755A in the system, and CE2 for the other 8755 A s. Permits up to 5-8755A's in a system without CE decoder. 



int^T 8755A/8755A-2 

ABSOLUTE MAXIMUM RATINGS* W/CE . stresses gbove fhose /fefed under .. Absolutg 

Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating oniy and functional opera- 
Temperature Under Bias 0° C to +70° C tion of the device at these or any other conditions above 

Storage Temperature -65°Cto +150°Q those indicated in the operational sections of this specifi- 

Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground -0.5V to +7V rating conditions for extended periods may affect device 

Power Dissipation 1.5W reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°, v C c = v D d = 5V ± 5%; 

V C c = V DD = 5V ±10% for 8755A-2) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 


V CC = 5.0V 


V,H 


Input High Voltage 


2.0 


Vcc+0.5 


V 


V CC = 5.0V 


Vol 


Output Low Voltage 




0.45 


V 


l 0 L = 2mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = -400juA 


IlL 


Input Leakage 




10 


ma 


Vss ^ V| N ^ V C c 


Ilo 


Output Leakage Current 




±10 


ma 


0.45V *s V 0U T < V CC 


'cc 


Vqc Supply Current 




180 


mA 




'dd 


Vdd Supply Current 




30 


mA 


Vdd = v cc 


C|N 


Capacitance of Input Buffer 




10 


pF 


f C = VHz 


C|/0 


Capacitance of I/O Buffer 




15 


PF 


f C = 1juHz 



D.C. CHARACTERISTICS— PROGRAMMING (T A = o°cto70°, v C c = 5V ± 5%, v S s = ov, v D d = 25V ±1V; 

Vcc = Vdd = 5V ±10% for 8755A-2) 



Symbol 


Parameter 


Mln. 


Typ. 


Max. 


Unit 


V D p 


Programming Voltage (during Write 
to EPROM) 


24 


25 


26 


V 


Idd 


Prog Supply Current 




15 


30 


mA 
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A.C. CHARACTERISTICS (T A = o°c to 70°, v C c = sv ± 5%; 

Vcc = V DD = 5V ±10% for 8755A-2) 



Symbol 


Parameter 


8755A 


8755A-2 
(Preliminary) 




Min. 


Max. 


Min. 


Max. 


Units 


tCYC 


Clock Cycle Time 


320 




200 




ns 


Ti 


CLK Pulse Width 


80 




40 




ns 


T 2 


CLK Pulse Width 


120 




70 




ns 


tf.tr 


CLK Rise and Fall Time 




30 




30 


ns 


tAL 


Address to Latch Set Up Time 


Kn 




on 
OU 




ns 


tLA 


Address Hold Time after Latch 


an 
ou 




At\ 
**D 




ns 


tLC 


Latch to READ/WRITE Control 


1 nn 




An 




ns. 


tRD 


Valid Data Out Delay from READ Control* 




170 




140 


ns 


tAD 


Address Stable to Data Out Valid*" 








inn 


ns 


tLL 


Latch Enable Width 


mn 
I uu 




70 




ns 


tRDF 


Data Bus Float after READ 


o 


100 


o 


8*5 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width 


250 




200 




ns 


tDW 


Data In to Write Set Up Time 


150 




150 




ns 


tWD 


Data In Hold Time After WRITE 


30 




10 




ns 


tWP 


WRITE to Port Output 




400 




300 


ns 


tpR 


Port Input Set Up Time 


50 




50 




ns 


tRP 


Port Input Hold Time to Control 


50 




50 




ns 


tRYH 


READY HOLD Time to Control 


0 


' 160 


0 


160 


ns 


tARY 


ADDRESS (CE) to READY 




160 




160 


ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


tRDE 


READ Control to Data Bus Enable 


10 




10 




ns 



NOTE: 

Cload = 150pF. 

*Or T AD - (T AL + T LC ), whichever is greater. 

"Defines ALE to Data Out Valid in conjunction withTAL- 



A.C. CHARACTERISTICS— PROGRAMMING (T A = o°cto70°, v C c = 5V ± 5%, v ss = ov, v DD = 25V ±1 V; 

V C c = Vdd = 5V ±10% for 8755A-2) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


tps 


Data Setup Time 


10 






ns 


tPD 


Data Hold Time 


0 






ns 


ts 


Prog Pulse Setup Time 


2 






M s 


tH 


Prog Pulse Hold Time 


2 






MS 


tpR 


Prog Pulse Rise Time 


0.01 


2 




MS 


tpF 


Prog Pulse Fall Time 


0.01 


2 




MS 


tPRG 


Prog Pulse Width 


45 


50 




msec 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



^> TEST POINTS <^ 



A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR 
A LOGIC 0 ' TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1 
AND 0 8V FOR A LOQIC 0 



DEVICE 
UNDER 
TEST 



1 



C L = 150 pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 




PROM READ, I/O READ AND WRITE 



A810 
IO/M- 



(PROO/CE, 



X 



X 



X 



>-o; 



x 



— — , — ADDRESS 



mum 



Please note that CEi must remain low for the entire cycle 
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INTRODUCTION 

This is an application note on using numerics in Intel's 
iAPX 86 or iAPX 88 microprocessor family. The nu- 
merics implemented in the family provide instruction 
level support for high-precision integer and floating 
point data types with arithmetic operations like add, 
subtract, multiply, divide, square root, power, log and 
trigonometries. These features are provided by members 
of the iAPX 86 or iAPX 88 family called numeric data 
processors. 

Rather than concentrate on a narrow, specific applica- 
tion, the topics covered in this application note were 
chosen for generality across many applications. The 
goal is to provide sufficient background information so 
that software and hardware engineers can quickly move 
beyond needs specific to the numeric data processor and 
concentrate on the special needs of their application. 
The material is structured to allow quick identification 
of relevant material without reading all the material 
leading up to that point. Everyone should read the in- 
troduction to establish terminology and a basic 
background. 

iAPX 86,88 BASE 

The numeric data processor is based on an 8088 or 8086 
microprocessor. The 8086 and 8088 are general purpose 
microprocessors, designed for general data processing 
applications. General applications need fast, efficient 
data movement and program control instructions. Ac- 
tual arithmetic on data values is simple in general appli- 
cations. The 8086 and 8088 fulfill these needs in a low 
cost, effective manner. 

However, some applications need more powerful arith- 
metic instructions and data types than a general purpose 
data processor provides. The real world deals in frac- 
tional values and requires arithmetic operations like 
square root, sine, and logarithms. Integer data types 
and their operations like add, subtract, multiply, and 
divide may not meet the needs for accuracy, speed, and 
ease of use. 

Such functions are not simple or inexpensive. The 
general data processor does not provide these features 
due to their cost to other less-complex applications that 
do not need such features?* A special processor is re- 
quired, one which is easy to use and has a high level of 
support in hardware and software. 

The numeric data processor provides these features. IV 
supports the data types and operations needed and 
allows use of all the current hardware and software sup- 
port for the iAPX 86/10 and 88/10 microprocessors. 

The iAPX 86 and iAPX 88 provide two imple- 
mentations of a numeric data processor. Each offers 
different tradeoffs in performance, memory size, and 
cost. 



One alternative uses a special hardware component, the 
8087 numeric processor extension, while the other is 
based on software, the 8087 emulator. Both component 
and software emulator add the extra numerics data 
types and operations to the 8086 or 8088. 

The component and its software emulator are com- 
pletely compatible. 



Nomenclature 

Table one shows several possible configurations 
of the iAPX 86 and iAPX 88 microprocessor, family. 
The choice of configuration will be decided by the 
needs of the application for cost and performance 
in the areas of general data processing, numerics, 
and I/O processing. The combination of an 8086 or 
8088 with an 8087 is called an iAPX 86/20 or 88/20 
numeric data processor. For applications requir- 
ing high I/O bandwidths and numeric perfor- 
mance, a combination of 8086, 8087 and 8089 is ah 
iAPX 86/21 numerics and I/O data processor. The 
same system with an 8088 CPU for smaller size 
and lower cost, due to the smaller 8-bit wide 
system data bus, is referred to as an iAPX 88/21. 
Each 8089 in the system is designated in the units 
digit of the system designation. The term 86/2X or 
88/2X refers to a numeric data processor with any 
number of 8089s. 

Throughout this application note, I will use the 
terms NDP, numeric data processor, 86/2X, and 
88/2X synonymously. Numeric processor exten- 
sion and NPX are also synonymous for the func- 
tions of either the 8087 component or 8087 
emulator. The term numeric instruction or 
numeric data type refers to an instruction or data 
type made available by the NPX. The term host will 
refer to either the 8086 or 8088 microprocessor. 



Table 1. Components Used in l/APX 86,88 
Configurations 



System Name 


8086 8087 8088 8089 


iAPX 86/10 


1 


iAPX 86/11 


1 1 


iAPX 86/12 


1 2 


iAPX 86/20 


1 1 


iAPX 86/21 


1 1 1 


iAPX 86/22 


1 1 2 


iAPX 88/10 




iAPX 88/11 


1 1 


iAPX 88/12 


1 2 


iAPX 88/20 


1 1 


iAPX 88/21 


11 1 


iAPX 88/22 


1 1 2 



3-2 



AM 13 



NPX OVERVIEW 

the 8087 is a coprocessor extension available to 
iAPX 86/1X or iAPX 88/ IX maximum mode 
microprocessor systems. (See page 7). The 8087 
adds hardware support for floating point and ex- 
tended precision integer data types, registers, and 
instructions. Figure 1 shows the register set 
available to the NDP. On the next page, the seven 
data types available to numeric instructions are 
listed (Fig 2). Each data type has a load and store 
instruction. Independent of whether an 8087 or its 
emulator are used, the registers and data types all 
appear the same to the programmer. 

All the numeric instructions and data types of the NPX 
are used by the programmer in the same manner as the 
general data types and instructions of the host. 

The numeric data formats and arithmetic operations 
provided by the 8087 conform to the proposed IEEE 
Microprocessor Floating Point Standard. All the pro- 
posed IEEE floating point standard algorithms, excep- 
tion detection, exception handling, infinity arithmetic 
and rounding controls are implemented. 1 

The numeric registers of the NPX are provided for fast, 
easy reference to values needed in numeric calculations. 
All numeric values kept in the NPX register file are held 
in the 80-bit temporary real floating point format which 
is the same as the 80-bit temporary real data type. 

All data types are converted to the 80-bit register file 
format when used by the NPX. Load and store instruc- 
tions automatically convert between the memory 
operand data type and the register file format for all 
numeric data types. The numeric load instruction 
specifies the format in which the memory operand is ex- 
pected and which addressing mode to use. 

All host base registers, index registers, segment 
registers, and addressing modes are available for 
locating numeric operands. In the same manner, the 
store instruction also specifies which data type to use 
and where the value is located when stored into 
memory. 

Selecting Numeric Data Types 

As figure 2 shows, the numeric data types are of dif- 
ferent lengths and domains (real or integer). Each 
numeric data type is provided for a specific function, 
they are: 

16-bit word integers —Index values, loop counts, 
and small program control 
values 



"An Implementation Guide to a Proposed Standard for Floating 
Point" by Jerome Coonen in Computer, Jan. 1980 or the Oct. 1979 
issue of ACM SIGNUM, for more information on the standard. 



32-bit short integers 

64-bit long integers 

18-digit packed 
decimal 

32-bit short real 



64-bit long real 

80-bit temporary 
real 



-Large integer general 
computation 

-Extended range integer 
computation 

-Commercial and decimal 
conversion arithmetic 

-Reduced range and 
accuracy is traded for 
reduced memory require- 
ments 

-Recommended floating 
point variable type 

-Format for intermediate 
or high precision calcu- 
lations 



Referencing memory data types in the NDP is not 
restricted to load and store instructions. Some arith- 
metic operations can specify a memory operand in one 
of four possible data types. The numeric instructions 
compare, add, subtract, subtract reversed, multiply, 
divide, and divide reversed can specify a memory 
operand to be either a 16-bit integer, 32-bit integer, 
32-bit real, or 64-bit real value. As with the load and 
store operations, the arithmetic instruction specifies the 
address and expected format of the memory operand. 

The remaining arithmetic operations: square root, 
modulus, tangent, arctangent, logarithm, exponentiate, 
scale power, and extract power use only register 
operands. 



EXPONENT 


SIGNIFICAND 































Figure 1. NDP Register Set for iAPX 86/20, 88/20 
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The register set of the host and 8087 are in separate 
components. Direct transfer of values between the two 
register sets in one instruction is not possible. To trans- 
fer values between the host and numeric register sets, 
the value must first pass through memory. The memory 
format of a 16-bit short integer used by the NPX is iden- 
tical to that of the host, ensuring fast, easy transfers. 

Since an 8086 or 8088 does not provide single instruc- 
tion support for the remaining numeric data types, host 
programs reading or writing these data types must con- 
form to the bit and byte ordering established by the 
NPX. 

Writing programs using numeric instructions is as sim- 
ple as with the host's instructions. The numeric instruc- 
tions are simply placed in line with the host's instruc- 
tions. They are executed in the same order as they ap- 
pear in the instruction stream. Numeric instructions 
follow the same fbrm as the host instructions. Figure 2 
shows the ASM 86/88 representations for different 
numeric instructions and their similarity to host instruc- 
tions. 



8087 EMULATOR OVERVrEW 

The NDP has two basic implementations, an 8087 com- 
ponent or with its software emulator (E8087). The deci- 
siori to use the emulator or component has no effect on 
programs at the source level. At the source level, all in- 
structions, data types, and features are used the same 
way. 

The emulator requires all numeric instruction opcodes 
to be replaced with an interrupt instruction. This 
replacement is performed by the LINK86 program. In- 
terrupt vectors in the host's interrupt vector table will 
point to numeric instruction emulation routines in the 
8087 software emulator. 

When using the 8087 emulator, the linker changes all the 
2-byt£ wait-escape, nop-escape, wait-segment override, 
or nop-segment override sequences generated by an 
assembler or compiler for the 8087 component with a 
2-byte interrupt instruction. Any remaining bytes of the 
numeric instruction are left unchanged. 



FILD 

FIADD 

FADD 



VALUE 
TABLE [BX] 
ST,ST(1) 



DATA 
FORMATS 



WORD INTEGER 



SHORT INTEGER 



10» 



LONG INTEGER 



PACKED BCD 



SHORT REAL 



TEMPORARY REAL 



MOST SIGNIFICANT BYTE 



7 07 07 07 07 07 07 07 07 07 0 



E 7 E 0 F 



F23 



S E10 E 0 F 



S E14 Eq Fo 



TWO'S COMPLEMENT 



TWO'S COMPLEMENT 



. TWO'S 
10 COMPLEMENT 



S 




D17 D 16 




D1 D 0 



F52 



F 0 IMPLICIT 



P 6 3 



INTEGER: 1 
PACKED BCD: ( - 1) S (D 17 . . . D 0 ) 

REAL: ( - 1)S(2E BIAS) (F0.F1 . . . ) 

BIAS m 127 FOR SHORT REAL 
1023 FOR LONG REAL 
16383 FOR TEMP REAL 



Figure 2. NPX Data Types 

3-4 



AM 13 



When the host encounters numeric and emulated in- 
struction, it will execute the software interrupt instruc- 
tion formed by the linker. The interrupt vector table will 
direct the host to the proper entry point in the 8087 
emulator. Using the interrupt return address and CPU 
register set, the host will decode any remaining part of 
the numeric instruction, perform the indicated opera- 
tion, then return to the next instruction following the 
emulated numeric instruction. 

One copy of the 8087 emulator can be shared by all pro- 
grams in the host. 

The decision to use the 8087 or software emulator is 
made at link time, when all software modules are 
brought together. Depending on whether an 8087 or its 
software emulator is used, a different group of library 
modules are included for linking with the program. 

If the 8087 component is used, the libraries do not add 
any code to the program, they just satisfy external refer- 
ences made by the assembler or compiler. Using the 
emulator will not increase the size of individual modu- 
les; however, other modules requiring about 16K bytes 
that implement the emulator will be automatically 
added.. 

Selecting between the emulator or the 8087 can be very 
easy. Different versions of submit files performing the 
link operation can be used to specify the different set of 
library modules needed. Figure 3 shows an example of 
two different submit files for the same program using 
the NPX with an 8087 or the 8087 emulator. 

iSBC 337™ MULTIMODULE™ Overview 

The benefits of the NPX are not limited to systems 
which left board space for the 8087 component or mem- 
ory space for its software emulator. Any maximum 
mode iAPX 86/1X or iAPX 88/1X system can be up- 
graded to a numeric processbr. The iSBC 337 MUL- 
TIMODULE is designed for just this function. The 
iSBC 337 provides a socket for the host microprocessor 
and an 8087. A 40-pin plug is provided on the underside 
of the 337 to plug into the original host's socket, as 
shown in Figure 4. Two other pins on the underside of 
the MULTIMODULE allow easy connection to the 
8087 INT and RQ/GT1 pins. 



8087 BASED LINK/LOCATE COMMANDS 

LINK86 :F1:PROG.OBJ, IO.LIB, 8087.LIB TO 

:F1:PROG.LNK 
LOC86 :F1:PROG.LNKTO :F1:PROG 



SOFTWARE EMULATOR BASED 
LINK/LOCATE COMMANDS 

LINK86 :F1:PROG.OBJ, IO.LIB, E8087. LIB, 

E8087 TO :F1:PROG.LNK 
LOC86 :F1:PROG.LNKTO :F1:PROG 



Figure 3. Submit File Example 



ISBC 337™ MULTIMODULE™ BOARD 



1 \ 1 I CO 



8087 INT 
CONNECTOR 



fQifOi 



HOST BOARD 



1 n 17 



8086 SOCKET 



/ 



BOARD OPTIONAL SOLDER 
0SBC86/12A™) MOUNT * 



Figure 4. MULTIMODULE™ Math Mounting Scheme 
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CONSTRUCTING AN iAPX 86/2X OR iAPX 
88/2X SYSTEM 

This section will describe how to design a micropro- 
cessor system with the 8087 component. The discussion 
will center around hardware issues. However, some of 
the hardware decisions must be made based upon how 
the software will use the NPX. To better understand 
how the 8087 operates as a local bus master, we shall 
cover how the coprocessor interface works later in this 
section. 



Wiring up the 8087 

The 8087 can be designed into any 86/1X or 88/1X 
system operating in maximum mode. Such a system 
would be designated an 86/2X or 88/2X. Figure 5 shows 
the local bus interconnections for an iAPX 86/20 (or 
iAPX 88/20) system. The 8087 shares the maximum 
mode host's multiplexed address/data bus, status sig- 
nals, queue status signals, ready status signal, clock and 
reset signal. Two dedicated signals, BUSY and INT, in- 
form the host of current 8087 status. The 10K pull-down 
resistor on the BUSY signal ensures the host will always 
see a "not busy" status if an 8087 is not installed. 

Adding the 8087 to your design has a minor effect on 
hardware timing. The 8087 has the exact same timing 
and equivalent DC and AC drive characteristics as a 
host or IOP on the local bus. All the local bus logic, 
such as clock, ready, and interface logic is shared. 

The 8087 adds 15 pF to the total capacitive loading on 
the shared address/data and status signals. Like the 

8086 or 8088, the 8087 can drive a total of 100 pF 
capacitive load above its own self load and sink 2.0 mA 
DC current on these pins. This AC and DC drive is suf- 
ficient for an 86/21 system with two sets of data 
transceivers, address latches, and bus controllers for 
two separate busses, an bn-board bus and an off-board 
MULTIBUS™ using the 8289 bus arbiter. 

Later in this section, what to do with the 8087 INT and 
RQ/GT pins, is covered. 

It is possible to leave a prewired 40-pin socket on the 
board for the 8087. Adding the 8087 to such a system is 
as easy as just plugging it in. If a program attempts to 
execute any numeric instructions without the 8087 in- 
stalled, they will be simply treated as NOP instructions 
by the host. Software can test for the existence of the 

8087 by initializing it and then storing the control word. 
The program of Figure 6 illustrates this technique. 
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Figure 5. System Diagram 
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WHAT IS THE iAPX 86, 88 
COPROCESSOR INTERFACE? 

The idea of a coprocessor is based on the observation 
that hardware specially designed for a function is the 
fastest, smallest, and cheapest implementation. But, it is 
too expensive to incorporate all desired functions in 
general purpose hardware. Few applications could use 
all the functions. To build fast, small, economical sys- 
tems, we need some way to mix and match components 
supporting specialized functions. 

Purpose of the Coprocessor Interface 

The coprocessor interface of the general purpose 8086 
or 8088 microprocessor provides a way to attach special- 
ized hardware in a simple, elegant, and efficient man- 
ner. Because the coprocessor hardware is specialized, it 
can perform its job much faster than any general pur- 
pose CPU of similar size and cost. The coprocessor 
interface simply requires connection to the host's local 
address/data, status, clock, ready, reset, test and re- 
quest/grant signals. Being attached to the host's local 
bus gives the coprocessor access to all memory and I/O 
resources available to the host. 

The coprocessor is independent of system configura- 
tion. Using the local bus as the connection point to the 
host isolates the coprocessor from the particular system 
configuration, since the timing and function of local bus 
signals are fixed. 

Software's View of the Coprocessor 

The coprocessor interface allows specialized hardware . 
to appear as an integral part of the host's architecture 
controlled by the host with special instructions. When 
the host encounters these special instructions, both the 
host and coprocessor recognize them and work together 
to perform the desired function. No status polling loops 
or command stuffing sequences are required by soft- 
ware to operate the coprocessor. 

More information is available to a coprocessor than 
simply an instruction opcode and a signal to begin exe- 



cution. The host's coprocessor interface can read a 
value from memory, or identify a region of memory the 
coprocessor should use while performing its function. 
All the addressing modes of the host are available to 
identify memory based operands to the coprocessor. 

Concurrent Execution of Host and 
Coprocessor 

After the coprocessor has started its operation, the host 
may continue on with the program, executing it in par- 
allel while the coprocessor performs the function started 
earlier. The parallel operation of the coprocessor does 
not normally affect that of the host unless the copro- 
cessor must reference memory or I/O-based operands. 
When the host releases the local bus to the coprocessor, 
the host may continue to execute from its internal in- 
struction queue. However, the host must stop when it 
also needs the local bus currently in use by the copro- 
cessor. Except for the stolen memory cycle, the opera- 
tion of the coprocessor is transparent to the host. 

This parallel operation of host and coprocessor is called 
concurrent execution. Concurrent execution of instruc- 
tions requires less total time then a strictly sequential 
execution would. System performance will be higher 
with concurrent execution of instructions between the 
host and coprocessor. 

SYNCHRONIZATION 

In exchange for the higher system performance made 
available by concurrent execution, programs must pro- 
vide what is called synchronization between the host 
and coprocessor. Synchronization is necessary whenever 
the host and coprocessor must use information available 
from the other. Synchronization involves either the host 
or coprocessor waiting for the other to finish an opera- 
tion currently in progress. Since the host executes the 
program, and has program control instructions like 
jumps, it is given responsibility for synchronization. To 
meet this need, a special host instruction exists to syn- 
chronize host operation with a coprocessor. 



Test for the existence of an 8087 in the system. This code will always recognize an 8087 
independent of the TEST pin usage on the host. No deadlock is possible. Using the 8087 
emulator will not change" the function of this code since ESC instructions are used. The word 
variable control is used for communication between the 8087 and the -host. Note: if an 8087 is 
present, it will be initialized. Register ax is not transparent across this code. 



ESC 

XOR 

MOV 

ESC 

OR 

JZ 



28, bx 
ax, ax 
control, ax 
15, control 
ax, control 
no_8087 



; FNINIT if 8087 is present . The contents of bx is irrelevant 

; These two instructions insert delay while the 8087 initializes itself 

; Clear intial control word value 

; FNSTCW if 8087 is present 

; Control = 03ffh if 8087 present 

; Jump if no 8087 is present 



Figure 6. Test for Existence of an 8087 
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The host coprocessor synchronization instruction, 
called "WAIT", uses the TEST pin of the host. The 
coprocessor can signal that it is still busy to the host via 
this pin. Whenever the host executes a wait instruction, 
it will stop program execution while the TEST input is 
active. When the TEST pin becomes inactive, the host 
will resume program execution with the next instruction 
following the WAIT. While waiting on the TEST pin, 
the host can be interrupted at 5 clock intervals; how- 
ever, after the TEST pin becomes inactive, the host will 
immediately execute the next instruction, ignoring any 
pending interrupts between the WAIT and following 
instruction. 

COPROCESSOR CONTROL 

The host has the responsibility for overall program con- 
trol. Coprocessor operation is initiated by special in- 
structions encountered by the host. These instructions 
are called "ESCAPE" instructions. When the host en- 
counters an ESCAPE instruction, the coprocessor is 
expected to perform the action indicated by the instruc- 
tion. There are 576 different ESCAPE instructions, 
allowing the coprocessor to perform many different 
actions. 

The host's coprocessor interface requires the copro- 
cessor to recognize when the host has encountered an 
ESCAPE instruction. Whenever the host begins execut- 
ing a new instruction, the coprocessor must look to see 
if it is an ESCAPE instruction. Since only the host 
fetches instructions and executes them, the coprocessor 
must monitor the instructions being executed by the 
host. 

Host Queue Tracking 

The host can fetch an instruction at a variable length 
time before the host executes the instruction. This is a 
characteristic of the instruction queue of an 8086 or 
8088 microprocessor. An instruction queue allows pre- 
fetching instructions during times when the local bus 



would be otherwise idle. The end benefit is faster execu- 
tion time of host instructions for a given memory band- 
width. 

The host does not externally indicate which instruction 
it is currently executing. Instead, the host indicates 
when it fetches an instruction and when, some time 
later, an opcode byte is decoded and executed. To iden- 
tify the actual instruction the host fetched from its 
queue, the coprocessor must also maintain an instruc- 
tion stream identical to the host's. 

Instructions can be fetched in byte or word increments, 
depending on the type of host and the destination ad- 
dress of jump instructions executed by the host. When 
the host has filled its queue, it stops prefetching instruc- 
tions. Instructions are removed from the queue a byte at 
a time for decoding and execution. When a jump oc- 
curs, the queue is emptied. The coprocessor follows 
these actions in the host by monitoring the host's bus 
status, queue status, and data bus signals. Figure 7 
shows how the bus status signals and queue status 
signals are encoded. 

IGNORING I/O PROCESSORS 

The host is not the only local bus master capable of 
fetching instructions. An Intel 8089 IOP can generate 
instruction fetches on the local bus in the course of exe- 
cuting a channel program in system memory. In this 
case, the status signals S2, SI, and SO generated by the 
IOP are identical to those of the host. The coprocessor 
must not interpret these instruction prefetches as going 
to the host's instruction queue. This problem is solved 
with a status signal called S6. The S6 signal identifies 
when the local bus is being used by the host. When the 
host is the local bus master, S6 = 0 during T2 and T3 of 
the memory cycle. All other bus masters must set S6 = 1 
during T2 and T3 of their instruction prefetch cycles. 
Any coprocessor must ignore activity on the local bus 
when S6=l. 
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DECODING ESCAPE INSTRUCTIONS 

To recognize ESCAPE instructions, the coprocessor 
must examine all instructions executed by the host. 
When the host fetches an instruction byte from its inter- 
nal queue, the coprocessor must do likewise. 

The queue status state, fetch opcode byte, identifies 
when an opcode byte is being examined by the host. At 
the same time, the coprocessor will check if the byte fet- 
ched from its internal instruction queue is an ESCAPE 
opcode. If the instruction is not an ESCAPE, the 
coprocessor will ignore it. The queue status signals for 
fetch subsequent byte and flush queue let the 
coprocessor track the host's queue without knowledge 
of the length and function of host instructions and ad- 
dressing modes. 

Escape Instruction Encoding 

All ESCAPE instructions start with the high-order 
5-bits of the instruction being 11011. They have two 
basic forms. The non-memory form, listed here, in- 
itiates some activity in the coprocessor using the nine 
available bits of the ESCAPE instruction to indicate 
which function to perform. 



MOD 




Memory reference forms of the ESCAPE instruction, 
shown in Figure 8, allow the host to point out a memory 
operand to the coprocessor using any host memory ad- 
dressing mode. Six bits are available in the memory 
reference form to identify what to do with the memory 
operand. Of course, the coprocessor may not recognize 
all possible ESCAPE instructions, in which case it will 
simply ignore them. 

Memory reference forms of ESCAPE instructions are 
identified by bits 7 and 6 of the byte following the 
ESCAPE opcode. These two bits are the MOD field of 
the 8086 or 8088 effective address calculation byte. 



They, together with the R/M field, bits 2 through 0, 
determine the addressing mode and how many subse- 
quent bytes remain in the instruction. 

Host's Response to an Escape Instruction 

The host performs one of two possible actions when 
encountering an ESCAPE instruction: do nothing or 
calculate an effective address and read a word value 
beginning at that address. The host ignores the value of 
the word read. ESCAPE instructions change no regis- 
ters in the host other than advancing IP. So, if there is 
no coprocessor, or the coprocessor ignores the ESCAPE 
instruction, the ESCAPE instruction is effectively a 
NOP to the host. Other than calculating a memory ad- 
dress and reading a word of memory, the host makes no 
other assumptions regarding coprocessor activity. 

The memory reference ESCAPE instructions have two 
purposes: identify a memory operand and for certain in- 
structions, transfer a word from memory to the 
coprocessor. 

COPROCESSOR INTERFACE TO MEMORY 

The design of a coprocessor is considerably simplified if 
it only requires reading memory values of 16 bits or less. 
The host can perform all the reads with the coprocessor 
latching the value as it appears on the data bus at the 
end of T3 during the memory read cycle. The copro- 
cessor need never become a local bus master to read or 
write additional information. 

If the coprocessor must write information to memory, 
or deal with data values longer than one word, then it 
must save the memory address and be able to become a 
local bus master. The read operation performed by the 
host in the course of executing the ESCAPE instruction 
places the 20-bit physical address of the operand on the 
address/data pins during Tl of the memory cycle. At 
this time the coprocessor can latch the address. If the 
coprocessor instruction also requires reading a value, it 
will appear on the data bus during T3 of the memory 
read. All other memory b,ytes are addressed relative to 
this starting physical address. 



MOD R/M 16-blt direct displacement 

I 1 1 1 l 0 1 1 I 1 I I I | 0 1 0 1 I I M I 1 1 0 1 I I I I I I I I t I I I I I l | 

'15 *14 *13 '12 »11 'lO '9 '8 »7 '6 '5 U f 3 »2 N *0 D 15 D 14 D 13 D 12 D 11 D 10 D 9 D 8 °7 D 6 D 5 D 4 D 3 D 2 D 1 D 0 

MOD R/M 16-bit displacement 

I 1 I 1 I 0 I 1 I 1 I I I | 1 I 0 I -l I I I 1 | I I 1 I I 1 1 | I » 1 I I I 1 | 

»15 '14 «13 '12 »11 '10 '9 •S »7 '6 »5 «4 "3 «2 «1 »0 D 15 D 14 °13 D 12 D 11 D 10 D 9 °8 °7 t>6 D 5 °4 °3 D 2 »1 D 0 

MOD R/M 8-bit displacement 

I 1 I 1 I 0 I 1 l 1 i l I |° I 1 I I l I I I I l l I I l l I | 

' »15 <14 '13 «12 «11 »10 »9 '8 ' »7 «6 «5 »4 »3 »2 H «0 ' °7 D 6 D 5 °4 °3 *> 2 D 0 * 

MOD R/M 

| 1 t 1 \ 0 i 1 I 1 I I I |° I 0 I I I I I t I 

'15 '14 ! 13 '12 'l1 '10 *9 '8 '7 '6 *5 *4 *3 f 2 ! 1 'o 

Figure 8. Memory Reference Escape Instruction Forms 
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Whether the coprocessor becomes a bus master or not, 
if the coprocessor has memory reference instruction 
forms, it must be able to identify the memory read per- 
formed by the host in the course of executing an 
ESCAPE instruction. 

Identifying the memory read is straightforward, requir- 
ing all the following conditions to be met: 

1) A MOD value of 00, 01, or 10 in the second byte 
of the ESCAPE instruction executed by the host. 

2) This is the first data reacl memory cycle performed 
by the host after it encountered the ESCAPE in- 
struction. In particular, the bus status signals 
S2-S0 will be 101 and S6 will be 0. 

The coprocessor must continue to track the instruction 
queue of the host while it calculates the memory address 
and reads the memory value. This is simply a matter of 
following the fetch subsequent byte status commands 
occurring on the queue status pins. 

HOST PROCESSOR DIFFERENCES 

A coprocessor must be aware of the bus characteristics 
of the host processor. This determines how the host will 
read the word operand of a memory reference ESCAPE 
instruction. If the host is an 8088, it will always perform 
two byte reads at sequential addresses. But if the host is 
an 8086, it can either perform a single word read or two 
byte reads to sequential addresses. 

The 8086 places no restrictions on the alignment of 
word operands in memory. It will automatically per- 
form two byte operations for word operands starting at 
an odd address. The two operations are necessary since 
the two bytes of the operand exist in two different mem- 
ory words. The coprocessor should be able to accept the 
two possible methods of reading a word value on the 
8086. 

A coprocessor can determine whether the 8086 will per- 
form one or two memory cycles as part of the current 
ESCAPE instruction execution. The ADO pin during Tl 
of the first memory read by the host tells if this is the 
only read to be performed as part of the ESCAPE in- 
struction. If this pin is a 1 during Tl of the memory 
cycle, the 8086 will immediately follow this memory 
read cycle with another one at the next byte address. 

Coprocessor Interface Summary 

The host ESCAPE instructions, coprocessor interface, 
and WAIT instruction allow easy extension of the host's 
architecture with specialized processors. The 8087 is 
such a processor, extending the host's architecture as 
seen by the programmer. The specialized hardware pro- 
vided by the 8087 can greatly improve system perfor- 
mance economically in terms of both hardware and 
software for numerics applications. 



The next section examines how the 8087 uses the 
coprocessor interface of the 8086 or 8088. 

8087 COPROCESSOR OPERATION 

The 8086 or 8088 ESCAPE instructions provide 64 
memory reference opcodes and 512 non-memory refer- 
ence opcodes. The 8087 uses 57 of the memory reference 
forms and 406 of the non-memory reference forms. Fig- 
ure 9 shows the ESCAPE instructions not used by the 
8087. 
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Using the 8087 With Custom 
Coprocessors 

Custom coprocessors, a designer max care to develop, 
should limit their use of ESCAPE instructions to those 
not used by the 8087 to prevent ambiguity about 
whether any one ESCAPE instruction is intended for a 
numerics or other custom coprocessor. Using any 
escape instruction for a custom coprocessor may con- 
flict with opcodes chosen for future Intel coprocessors. 

Operation of an 8087 together with other custom co- 
processors is possible under the following constraints: 

1) All 8087 errors are masked. The 8087 will update its 
opcode and instruction address registers for the un- 
used opcodes. Unused memory reference instruc- 
tions will also update the operand address value. 
Such changes in the 8087 make software-defined 
error handling impossible. 

2) If the coprocessors provide a pUSY signal, they must 
be ORed together for connection to the host TEST 
pin. When the host executes a WAIT instruction, it 
does not know which coprocessor will be affected by 
the following ESCAPE instruction. In general, all 
coprocessors must be idle before executing the 
ESCAPE instruction. 

Operand Addressing by the 8087 

The 8087 has seven different memory operand formats. 
Six of them are longer than one word. All are an even 
number of bytes in length and are addressed by the host 
at the lowest address word. 

When the host executes a memory reference ESCAPE 
instruction intended to cause a read operation by the 
8087, the host always reads the low-order word of any 
8087 memory operand. The 8087 will save the address 
and data read. To read any subsequent words of the 
operand, the 8087 must become a local bus master. 

When the 8087 has the local bus, it increments the 20-bit 
physical address it saved to address the remaining words 
of the operand. 

When the ESCAPE instruction is intended to cause a 
write operation by the 8087, the 8087 will save the ad- 
dress but ignore the data read. Eventually, it will get 
control of the local bus, then perform successive write, 
increment address operations writing the entire data 
value. 



8087 OPERATION IN IAPX 88,88 SYSTEMS 

The 8087 will work with either an 8086 or 8088 host. 
The identity of the host determines the width of the 
local bus path. The 8087 will identify the host and 
adjust its use of the data bus accordingly; 8 bits for an 

8088 or 16 bits for an 8086. No strapping options are 
required by the 8087; host identification is automatic. 

The 8087 identifies the host each time the host and 8087 
are reset via the RESET pin. After the reset signal goes 
inactive, the host will begin instruction execution at 
memory address FFFFO^. 

If the host is an 8086 it will perform a word read at that 
address; an 8088 will perform a byte read. 

The 8087 monitors pin 34 on the first memory cycle 
after power up. If an 8086 host is used, pin 34 will be the 
BHE signal, which will be low for that memory cycle. 
For an 8088 host, pin 34 will be the SS0 signal, which 
will be high during Tl of the first memory cycle. Based 
on this signal, the 8087 will then configure its data bus 
width to match that of the host local bus. 

For 88/2X systems, pin 34 of the 8087 may be tied to 
V C c tf not connected to the 8088 SS0 pin. 

The width of the data bus and alignment of data oper- 
ands has no effect, except for execution time and num- 
ber of memory cycles performed, on 8087 instructions. 
A numeric program will always produce the same results 
on an 86/2X or 88/2X with any operand alignment. All 
numeric operands have the same relative byte orderings 
independent of the host and starting address. 

The byte alignment of memory operands can affect the 
performance of programs executing on an 86/2X. If a 
word operand, or any numeric operand, starts on an 
odd-byte address, more memory cycles are required to 
access the operand than if the operand started on an 
even address. The extra memory cycles will lower system 
performance. 

The 86/2X will attempt to minimize the number of extra 
memory cycles required for odd-aligned operands. In 
these cases, the 8087 will perform first a byte operation, 
then a series of word operations, and finally a byte 
operation. 

88/2X instruction timings are independent of operand 
alignment, since byte operations are always performed. 
However, it is recommended to align numeric operands 
on even boundaries for maximum performance in case 
the program is transported to an 86/2X. 
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RQ/GT CONNECTION 

Two decisions must be made when connecting the 8087 
to a system. The first is how to interconnect the RQ/GT 
signals of all local bus masters. The RQ/GT decision af- 
fects the response time to service local bus requests from 
other local bus masters, such as an 8089 IOP or other 
coprocessor. The interrupt connection affects the 
response time to service an interrupt request and how 
user-interrupt handlers are written. The implications of 
how these pins are connected concern both the hardware 
designer and programmer and must be understood by 
both. 

The RQ/GT issue can be broken into three general cate- 
gories, depending on system configuration: 86/20 or 
88/20, 86/21 or 88/21, and 86/22 or 88/22. Remote 
operation of an IOP is not effected by the 8087 RQ/GT 
connection. 

iAPX 86/20, 88/20 

For an 86/20 or 88/20 just connect the RQ/GT0 pin of 
the 8087 to RQ/GT1 of the host (see Figure 5), and skip 
forward to the interrupt discussion on page 15. 

iAPX 86/21, 88/21 

For an 86/21 or 88/21, connect RQ/GT0 of the 8087 to 
RQ/GT1 of the host, connect RQ/GT of the 8089 to 
RQ/GT 1 of the 8087 (see Figure 10, page 12), and skip 
forward to the interrupt discussion on page 15. 

The RQ/GT 1 pin of the 8087 exists to provide one I/O 
processor with a low maximum wait time for the local 
bus. The maximum wait times to gain control of the 
local bus for a device attached to RQ/GT 1 of an 8087 
for an 8086 or 8088 host are shown in Table 2. These 
numbers are all dependent on when the host will release 
the local bus to the 8087. 



As Table 2 implies, three factors determine when the 
host will release the local bus: 

1) What type of host is there, an 8086 or 8088? 

2) What is the current instruction being executed? 

3) , How is the lock prefix being used? 

An 8086 host will not release the local bus between the 
two consecutive byte operations performed for odd- 
aligned word operands. The 8088, in contrast, will never 
release the local bus between the two bytes of a word 
transfer, independent of its byte alignment. 

Host operations such as acknowledging an interrupt will 
not release the local bus for several bus cycles. 

Using a lock prefix in front of a host instruction 
prevents the host from releasing the local bus during the 
execution of that instruction. 

8087 RQ/GT Function 

The presence of the 8087 in the RQ/GT path from the 
IOP to the host has little effect on the maximum wait 
time seen by the IOP when requesting the local bus. The 
8087 adds two clocks of delay to the basic time required 
by the host. This low delay is achieved due to a preemp- 
tive protocol implemented by the 8087 on RQ/GT 1. 

The 8087 always gives higher priority to a request for 
the local bus from a device attached to its RQ/GT 1 pin 
than to a request generated internally by the 8087. If the 
8087 currently owns the local bus and a request is made 
to its RQ/GT 1 pin, the 8087 will finish the current 
memory cycle and release the local bus to the requestor. 
If the request from the devices arrives when the 8087 
does not own the local bus, then the 8087 will pass the 
request on to the hbst via its RQ/GT0 pin. 



Table 2. Worst Case Local Bus Request Wait Times in Clocks 



System 
Configuration 


No Locked 
Instructions 


Only Locked 
Exchange 


Other Locked 
Instructions 


iAPX 86/21 
even aligned words 


15! 


35, 


max (15!, *) 


iAPX 86/21 
odd aligned words 


15 1 


43 2 


max (43 2 , *) 


iAPX 88/21 


Hi 


43 2 


max (43 2 , *) 



Notes: 1. Add two clocks for each wait state inserted per bus cycle 
2. Add four clocks for each wait state inserted per bus cycle 
* Execution time of longest locked instruction 
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IAPX 86/22, 88/22 

An 86/22 system offers two alternates regarding to 
which IOP to connect an I/O device. Each IOP will of- 
fer a different maximum delay time to servide an I/O re- 
quest. (See Fig. 11) 

The second 8089 (IOP A) must use the RQ/GTO pin of 
the host. With two IOPs the designer must decide which 
IOP services which I/O devices, determined by the max- 
imum wait time allowed between when an I/O device re- 
quests IOP service and the IOP can respond. The max- 
imum service delay times of the two IOPs can be very 
different. It makes little difference which of the two 
host RQ/GT pins are used. 

The different wait times are due to the non-preemptive 
nature of bus grants between the two host RQ/GT pins. 
No communication of a need to use the local bus is 
possible between IOPA and the 8087/IOPB combina- 
tion. Any request for the local bus by the IOPA must 
wait in the worst case for the host, 8087, and IOPB to 
finish their longest sequence of memory cycles. IOPB 
must wait in the worst case for the host and IOPA to 
finish their longest sequence of memory cycles. The 
8087 has little effect on the maximum wait time of 
IOPB. 

DELAY EFFECTS OF THE 8087 

The delay effects of the 8087 on IOPA can be signifi- 
cant. When executing special instructions (FSAVE, 
FNSAVE, FRSTOR), the 8087 can perform 50 or 06 
consecutive memory cycles with an 8086 or 8088 host, 
respectively. These instructions do not affect response 
time to local bus requests seen by an IOPB. 

If the 8087 is performing a series of memory cycles while 
executing these instructions, and IOPB requests the 
local bus, the 8087 will stop its current memory activity, 
then release the local bus to IOPB. 

The 8087 cannot release the bus to IOPA since it cannot 
know that IOPA wants to use the local bus, like it can 
for IOPB. 

REDUCING 8087 DELAY EFFECTS 

For 86/22 or 88/22 systems requiring lower maximum 
wait times for IOPA, it is possible to reduce the worst 
case bus usage of the 8087. If three 8087 instructions are 
never executed; namely FSAVE, FNSAVE, or 
FRSTOR, the maximum number of consecutive mem- 
ory cycles performed by the 8087 is 10 or 16 for an 8086 
, or 8088 host respectively. The function of these instruc- 
tions can be emulated with other 8087 instructions. 

Appendix B shows an example of how these three in- 
structions can be emulated. This improvment does have 
a cost, in the increased execution time of 427 or 747 ad- 



ditional clocks for an 8086 or 8088 respectively, for the 
equivalent save and restore operations. These opera- 
tions appear in time-critical context-switching functions 
of an operating system or interrupt handler. This tech- 
nique has no affect on the maximum wait time seen by 
IOPB or wait time seen by IOPA due to IOPB. 

Which IOP to connect to which I/O device in an 86/22 
or 88/22 system will depend on how quickly an I/O re- 
quest by the device must be serviced by the IOP. This 
maximum time must be greater than the sum of the 
maximum delay of the IOP and the maximum wait time 
to gain control of the local bus by the IOP. 

If neither IOP offers a fast enough response time, con- 
sider remote operation of the IOP. 

8087 INT Connection 

The next decision in adding the 8087 to an 8086 or 8088 
system is where to attach the INT signal of the 8087. 
The INT pin of the 8087 provides an external indication 
of software-selected numeric errors. The numeric pro- 
gram will stop until something is done about the error. 
Deciding where to connect the INT signal can have im- 
portant consequences on other interrupt handlers. 

WHAT ARE NUMERIC ERRORS? 

A numeric error occurs in the NPX whenever an opera- 
tion is attempted with invalid operands or attempts to 
produce a result which cannot be represented. If an in- 
correct or questionable operation is attempted by, a pro- 
gram, the NPX will always indicate the event. Examples 
of errors on the NPX are: 1/0, square root of - 1, and 
reading from an empty register. For a detailed descrip- 
tion of when the 8087 detects a numeric error, refer to 
the Numerics Supplement. (See Lit. Ref). 

WHAT TO DO ABOUT NUMERIC ERRORS 

Two possible courses of action are possible when a 
numeric error occurs. The, NPX can itself handle the 
error, allowing numeric program execution to continue 
undisturbed, or software in the host can handle the 
error. To have the 8087 handle a numeric error, set its 
associated mask bit in the NPX control word. Each 
numeric error may be individually masked. 

The NPX has a default fixup action defined for all pos- 
sible numeric errors when they are masked. The default 
actions were carefully selected, for their generality and 
safety. 

For example, the default fixup for the precision error is 
to round the result using the rounding rules currently in 
effect. If the invalid error is masked, the NPX will 
generate a special value called indefinite as the result of 
any invalid operation. 
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NUMERIC ERRORS (CO N'T) 

Any arithmetic operation with an indefinite operand 
will always generate an indefinite result. In this manner, 
the result of the original invalid operation will pro- 
pagate throughout the program wherever it is used. 

When a questionable operation such as multiplying an 
unnormal value by a normal value occurs, the NPX will 
signal this occurrence by generating an unnormal result. 

The required response by host software to a numeric 
error will depend on the application. The needs of each 
application must be understood when deciding on how 
to treat numeric errors. There are three attitudes 
towards a numeric error: 

1) No response required. Let the NPX perform the 
default fixup. 

2) Stop everything, something terrible has happened! 

3) Oh, not again! But don't disrupt doing something 
more important. 

SIMPLE ERROR HANDLING 

Some very simple applications may mask all of the 
numeric errors. In this simple case, the 8087 INT signal 
may be left unconnected since the 8087 will never assert 
this signal. If any numeric errors are detected during the 
course of executing the program, the NPX will generate 
a safe result. It is sufficient to test the final results of the 
calculation to see if they are valid. 

Special values like not-a-number (NAN), infinity, in- 
definite, denormals, and unnormals indicate the type 
and severity of earlier invalid or questionable opera- 
tions. 



The 8086 Family Numerics Supplement recommends 
masking all errors except invalid. (See Lit. Ref.). In this 
case the NPX will safely handle such errors as 
underflow, overflow, or divide by zero. Only truly ques- 
tionable operations will disturb the numerics program 
execution. 

An example of how infinities and divide by zero can be 
harmless occurs when calculating the parallel resistance 
of several values with the standard formula (Figure 12). 
If Rl becomes zero, the circuit resistance becomes 0. 
With divide by zero and precision masked, the NPX will 
produce the correct result. 

NUMERIC EXCEPTION HANDLING 

For some applications, a numeric error may not indicate 
a severe problem. The numeric error can indicate that a 
hardware resource has been exhausted, and the software 
must provide more. These cases are called exceptions 
since they do not normally arise. 

Special host software will handle numeric error excep- 
tions when they infrequently occur. In these cases, 
numeric exceptions are expected to be recoverable 
although not requiring immediate service by the host. In 
effect, these exceptions extend the functionality of the 
NDP. Examples of extensions are: normalized only 
arithmetic, extending the register stack to memory, or 
tracing special data values. 



SEVERE ERROR HANDLING 

For dedicated applications, programs should not gener- 
ate or use any invalid operands. Furthermore, all num- 
bers should be in range. An operand or result outside 
this range indicates a severe fault in the system. This 
situation may arise due to invalid input values, program 
error, or hardware faults. The integrity of the program 
and hardware is in question, and immediate action is re- 
quired. 

In this case, the INT signal can be used to interrupt the 
program currently running. Such an interrupt would be 
of high priority. The interrupt handler responsible for 
numeric errors might perform system integrity tests and 
then restart the system at a known, safe state. The 
handler would not normally return to the point of error. 

Unmasked numeric errors are very useful for testing 
programs. Correct use of synchronization, (Page 21), 
allows the programmer to find out exactly what 
operands, instruction, and memory values caused the 
error. Once testing has finished, an error then becomes 
much more serious. 



R 2 5 R 3 



Equivalent resistance = 



R-i + R2 + R3 



Figure 12. Infinity Arithmetic Example 
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HOST INTERRUPT OVERVIEW 

The host has only two possible interrupt inputs, a non- 
maskable interrupt (NMI) and a maskable interrupt 
(INTR). Attaching the 8087 INT pin to the NMI input is 
not recommended. The following problems arise: NMI 
cannot be masked, it is usually reserved for more impor- 
tant functions like sanity timers or loss of power signal, 
and Intel supplied software for the NDP will not sup- 
port NMI interrupts. The INTR input of the host allows 
interrupt masking in the CPU, using an Intel 8259A 
Programmable Interrupt Controller (PIC) to resolve 
multiple interrupts, and has Intel support. 

NUMERIC INTERRUPT CHARACTERISTICS 

Numeric error interrupts are different from regular in- 
struction error interrupts like divide by zero. Numeric 
interrupts from the 8087 can occur long after the 
ESCAPE instruction that started the failing operation. 
For example, after starting a numeric multiply opera- 
tion, the host may respond to an external interrupt and 
be in the process of servicing it when the 8087 detects an 
overflow error. In this case the interrupt is a result of 
some earlier, unrelated program. 

From the point of view of the currently executing inter- 
rupt handler, numeric interrupts can cpme from only 
two sources: the current handler or a lower priority pro- 
gram. 



To explicitly disable numeric interrupts, it is recom- 
mended that numeric interrupts be disabled at the 8087. 
The code example Of Figure 13 shows how to disable 
any pending numeric interrupts then reenable them at 
the end of the handler. This code example can be safely 
placed in any routine which must prevent numeric inter- 
rupts from occurring. Note that the ESCAPE instruc- 
tions act as NOPs if an 8087 is not present in the system. 
It is not recommended to use numeric mnemonics since 
they may be converted to emulator calls, which run 
comparatively slow, if the 8087 emulator used. 

Interrupt systems have specific functions like fast 
response to external events or periodic execution of 
system routines. Adding an 8087 interrupt should not 
effect these functions. Desirable goals of any 8087 inter- 
rupt configuration are: 

— Hide numeric interrupts from interrupt handlers that 
don't use the 8087. Since they didn't cause the 
numeric interrupt why should they be interrupted? 

— Avoid adding code to interrupt handlers that don't 
use the 8087 to prevent interruption by the 8087. 

— Allow other higher priority interrupts to be serviced 
while executing a numeric exception handler. 

— Provide numeric exception handling for interrupt 
service routines which use the 8087. 

— Avoid deadlock as described in a later section 
(page 24) 



; Disable any possible numeric interrupt from the 8087. This code is safe to place in any 
; procedure. If an 8087 is not present, the ESCAPE instructions will act as nops. These 
; instructions are not affected by the TEST pin of the host. Using the 8087 emulator will not 
; convert these instructions into interrupts. A word variable, called control, is required to hold 
; the 8087 control word. Control must not be changed until it is reloaded into the 8087. 

ESC 15, control ; (FNSTCW) Save current 8087 control word 

NOP ; Delay while 8Q87 saves current control 

NOP ; register value 

ESC 28,cx ; (FNDISI) Disable any 8087 interrupts 

; Set IEM bit in 8087 control register 
; The contents of cx is irrelevant 
; Interrupts can now be enabled 

(Your Code Here) 

; Reenable any pending interrupts in the 8087. This instruction does not disturb any 8087 instruction 
; currently in progress since all it does is change the IEM bit in the control register. 

TEST control, 80H ; Look at IEM bit 

JNZ $ + 4 ; If IEM = 1 skip FNENI 

ESC 28,ax ; (FNENI) reenable 8087 interrupts 



Figure 13. Inhibit/Enable 8087 Interrupts 
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Recommended Interrupt Configurations 

Five categories cover most uses of the 8087 interrupt in 
fixed priority interrupt systems. For each category, an 
interrupt configuration is suggested based on the goals 
mentioned above. 

1. All errors on the 8087 are always masked. 
Numeric interrupts are not possible. Leave the 
8087 INT signal unconnected. 

2. The 8087 is the only interrupt in the system. Con- 
nect the 8087 INT signal directly to the host's 
INTR input. (See Figure 14 on page 19). A bus 
driver supplies interrupt vector 10 16 for com- 
patibility with Intel supplied software. 

3. The 8087 interrupt is a stop everything event. 
Choose a high priority interrupt input that will ter- 
minate all numerics related activity. This is a 
special case since the interrupt handler may never 
return to the point of interruption (i.e. reset the 
system and restart rather than attempt to continue 
operation). 

4. Numeric exceptions or numeric programming er- 
rors are expected and all interrupt handlers either 
don't use the 8087 or only use it with all errors 
masked. Use the lowest priority interrupt input. 
The 8087 interrupt handler should allow further 
interrupts by higher priority events. The PIC's 
priority system will automatically prevent the 8087 
from disturbing other interrupts without adding 
extra code to them. 



5. Case 4 holds except that interrupt handlers may 
also generate numeric interrupts. Connect the 8087 
INT signal to multiple interrupt inputs. One input 
would still be the lowest priority input as in case 4. 
Interrupt handlers that may generate a numeric in- 
terrupt will require another 8087 INT connection 
to the next highest priority interrupt. Normally the 
higher priority numeric interrupt inputs would be 
masked and the low priority numeric interrupt 
enabled. The higher priority interrupt input would 
be unmasked only when servicing an interrupt 
which requires 8087 exception handling. 

All of these configurations hide the 8087 from all inter- 
rupt handlers which do not use the 8087. Only those in- 
terrupt handlers that use the 8087 are required to per- 
form any special 8087 related interrupt control ac- 
tivities. 

A conflict can arise between the desired PIC interrupt 
input and the required interrupt vector of 10i$ for com- 
patibility with Intel software for numeric interrupts. A 
simple solution is to use more than one interrupt vector 
for numeric interrupts, all pointing at the same 8087 in- 
terrupt handler. Design the numeric interrupt handler 
such that it need not know what the interrupt vector was 
(i.e. don't use specific EOI commands). 

If an interrupt system uses rotating interrupt priorities, 
it will not matter which interrupt input is used. 
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Figure 14. iAPX 86/20 With Numerics Interrupt Only 
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GETTING STARTED IN SOFTWARE 

Now we are ready to run numeric programs. Developing 
numeric software will be a new experience to some pro- 
grammers. This section of the application note is aimed 
at describing the programming environment and pro- 
viding programming guidelines for the NPX. The term 
NPX is used to emphasize that no distinction is made 
between the 8087 component or an emulated 8087. 

Two major areas of numeric software can be identified: 
systems software and applications software. Products 
such as iRMX™ 86 provide system software as an off- 
the-shelf product. Some applications use specially 
developed systems software optimized to their needs. 

Whether the system software is specially tailored or 
common, they share issues such as using concurrency, 
maintaining synchronization between the host and 8087, 
and establishing programming conventions. Appli- 
cations software directly performs the functions of the 
application. All applications will be concerned with ini- 
tialization and general programming rules for the NPX. 
Systems software will be more concerned with context 
switching, use of the NPX by interrupt handlers, and 
numeric exception handlers. 

How to Initialize the NPX 

The first action required by the NPX is initialization. 
This places the NPX in a known state, unaffected by 
other activity performed earlier. This initialization is 
similar to that caused by the RESET signal of the 8087. 
All the error masks are set, all registers are tagged 
empty, the TOP field is set to 0, default rounding, pre- 
cision, and infinity controls are set. The 8087 emulator 
requires more initialization than the component. Before 
the emulator may be used, all its interrupt vectors must 
be set to point to the correct entry points within the 
emulator. 

To provide compatibility between the emulator and 
component in this special case, a call to an external pro- 
cedure should be used before the first numeric instruc- 
tion. In ASM86 the programmer must call the external 
function INIT87. (Fig. 15). For PLM86, the 
programmer must call the built-in function 
INIT$REAL$MATH$UNIT. PLM86 will call INIT87 
when executing the INIT$REAL$MATH$UNIT built- 
in function. 

The function supplied for INIT87 will be different, 
depending on whether the emulator library, called 
E8087.LIB, or component library, called 8087.LIB, 
were used at link time. INIT87 will execute either an 
FNINIT instruction for the 8087 or initialize the 8087 
emulator interrupt vectors, as appropriate. 



Concurrency Overview 

With the NPX initialized, the next step in writing a 
numeric program is learning about concurrent execution 
within the NDP. 

Concurrency is a special feature of the 8087, allowing it 
and the host to simultaneously execute different instruc- 
tions. The 8087 emulator does not provide concurrency 
since it is implemented by the host. 

The benefit of concurrency to an application is higher 
performance. All Intel high level languages automatic- 
ally provide for and manage concurrency in the NDP. 
However, in exchange for the added performance, the 
assembly language programmer must understand and 
manage some areas of concurrency. This section is for 
the assembly language programmer or well-informed, 
high level language programmer. 

Whether the 8087 emulator or component is used, care 
should be taken by the assembly language programmer 
to follow the rules described below regarding synchro- 
nization. Otherwise, the program may not function cor- 
rectly with current or future alternatives for implement- 
ing the NDP. 

Concurrency is possible in the NDP because both the 
host and 8087 have separate arithmetic and control 
units. The host and coprocessor automatically decide 
who will perform any single instruction. The existence 
of the 8087 as a separate unit is not normally apparent. 

Numeric instructions, which will be executed by the 
8087, are simply placed in line with the instructions for 
the host. Numeric instructions are executed in the same 
order as they are encountered by the host in its instruc- 
tion stream. Since operations performed by the 8087 
generally require more time than operations performed 
by the host, the host can execute Several of its instruc- 
tions while the 8087 performs one numeric operation. 



IN PLM86: 




CALL INIT$REAL$MATH$UNIT; 


IN ASM 86: 




EXTRN 
• 
• 


INIT87:FAR 


• 
• 

CALL 


INIT87 



Figure 15. 8087 Initialization 
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MANAGING CONCURRENCY 

Concurrent execution of the host and 8087 is easy to 
establish and maintain. The activities of numeric pro- 
grams can be split into two major areas: program con- 
trol and arithmetic. The program control part performs 
activities like deciding what functions to perform, calcu- 
lating addresses of numeric operands, and loop control. 
The arithmetic part simply performs the adds, sub- 
tracts, multiplies, and other operations on the numeric 
operands. The NPX and host are designed to handle 
these two parts separately and efficiently. 

Managing concurrency is necessary because the arithme- 
tic and control areas must converge to a well-defined 
state when starting another numeric operation. A well- 
defined state means all previous arithmetic and control 
operations are complete and valid. 

Normally, the host waits for the 8087 to finish the cur- 
rent numeric operation before starting another. This 
waiting is called synchronization. 

Managing concurrent execution of the 8087 involves 
three types of synchronization: instruction, data, and 
error. Instruction and error synchronization are 
automatically provided by the compiler or assembler. 
Data synchronization must be provided by the assembly 
language progammer or compiler. 



Instruction Synchronization 

Instruction synchronization is required because the 8087 
can only perform one numeric operation at a time. Be- 
fore any numeric operation is started, the 8087 must 
have completed all activity from previous instructions. 

The WAIT instruction on the host lets it wait for the 
8087 to finish all numeric activity before starting an- 
other numeric instruction. The assembler automatically 
provides for instruction synchronization since a WAIT 
instruction is part of most numeric instructions. A 
WAIT instruction requires 1 byte code space and 2.5 
clocks average execution time overhead. 

Instruction synchronization as provided by the assem- 
bler or a compiler allows concurrent operation in the 
NDP. An execution time comparison of NDP concur- 
rency and non-concurrency is illustrated in Figure 16. 
The non-concurrent program places a WAIT instruction 
immediately after a multiply instruction ESCAPE in- 
struction. The 8087 must complete the multiply opera- 
tion before the host executes the MOV instruction on 
statement 2. In contrast, the concurrent example allows 
the host to calculate the effective address of the next 
operand while the 8087 performs the multiply. The ex- 
ecution time of the concurrent technique is the longest 
of the host's execution time from line 2 to 5 and the ex- 
ecution time of the 8087 for a multiply instruction. The 
execution time of the non-concurrent example is the 
sum of the execution times of statements 1 to 5. 



; This code macro defines two instructions which do not allow any concurrency of execution with 
; the host. A register version and memory version of the instruction is shown. It is assumed that the 
; 8087 is always idle from the previous instruction. Allow space for emulator fixups. 
> 

R233 Record RF6:2, Mid3:3, RF7:3 

CodeMacro NCMUL dst:T, src:F 

RNfix 000B 

R233 (11B, 001 B, src) 

RWfix 

EndM 

CodeMacro NCMUL memop:Mq 
RNfixM 100B, memop 
ModRM 001 B, memop 
RWfix 
EndM 



Statement Concurrent Non Concurrent 

1 FMUL st(0),st(1) NCMUL st(0), st(1) 

2 MOV ax, size A MOV ax, size A 

3 MUL index MUL index 

4 MOV bx, ax MOV bx, ax 

5 FMUL A[bx] NCMUL A [bx] 



Figure 16. Concurrent Versus Non-Concurrent Program 
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Data Synchronization 

Managing concurrency requires synchronizing data ref- 
erences by the host and 8087. 

Figure 17 shows four possible cases of the host and 8087 
sharing a memory value. The second two cases require 
the FWAIT instruction shown for data synchronization. 
In the first two cases, the host will finish with the 
operand I before the 8087 can reference it. The 
coprocessor interface guarantees this. In the second two 
cases, the host must wait for the 8087 to finish with the 
memory operand before proceeding to reuse it. The 
FWAIT instruction in case 3 forces the host to wait for 
the 8087 to read I before changing it. In case 4, the 
FWAIT prevents the host from reading I before the 
8087 sets its value. 

Obviously, the programmer must recognize any form of 
the two cases shown above which require explicit data 
synchronization. Data synchronization is not a concern 
when the host and 8087 are using different memory 
operands during the course of one numeric instruction. 
Figure 16 shows such an example of the host performing 
activity unrelated to the current numeric instruction 
being executed by the 8087. Correct recognition of these 
cases by the programmer is the price to be paid for pro- 
viding concurrency at the assembly language level. 

Automatic Data Synchronization 

Two methods exist to avoid the need for manual recog- 
nition of when data synchronization is needed: use a 
high level language which will automatically establish 
concurrency and manage it, or sacrifice some perfor- 
mance for automatic data synchronization by the as- 
sembler. 

When a high level language is not adequate, the 
assembler can be changed to always place a WAIT in- 
struction after the ESCAPE instruction. Figure 18 
shows an example of how to change the ASM86 code 
macro for the FIST instruction to automatically place 
an FWAIT instruction after the ESCAPE instruction. 
The lack of any possible concurrent execution between 
the host and 8087 while the FIST instruction is executing 
is the price paid for automatic data synchronization. 

An explicit FWAIT instruction for data synchroniza- 
tion, can be eliminated by using a subsequent numeric 
instruction. After this subsequent instruction has 
started execution, all memory references in earlier 
numeric instructions are complete. Reaching the next 
host instruction after the synchronizing numeric instruc- 
tion indicates previous numeric operands in memory are 
available. 



The data synchronization purpose of any FWAIT or 
numeric instruction must be well documented. Other- 
wise, a change to the program at a later time may 
remove the synchronizing numeric instruction, causing ' 
program failure, as: 

FISTP I 
FMUL 

MOV AX, I ; I is safe to use 



Case 1: 


Case 3: 




MOV I, 1 


FILD 


I 


FILD I 


FWAIT 






MOV 


1, 5 


Case 2: 


Case 4: 




MOV AX, I 


FISTP 


I 


FISTP I 


FWAIT 






MOV 


AX,I 



Figure 17. Data Exchange Example 



Figure 18. Non-Concurrent FIST instruction 
Code Macro 



; This is a code macro to redefine the FIST 
; instruction to prevent any concurrency 
; while the instruction runs. A wait 
; instruction is placed immediately after the 
; escape to ensure the store is done 
; before the program may continue. This 
; code macro will work with the 8087 
; emulator, automatically replacing the 
; wait escape with a nop. 

CodeMacro FIST memop: Mw 
RfixM 111B, memop 
ModRM 010B, memop 
RWfix 
EndM 
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DATA SYNCHRONIZATION RULES EXCEPTIONS 

There are five exceptions to the above rules for data syn- ' 
chronization. The 8087 automatically provides data syn- 
chronization for these cases. They are necessary to 
avoid deadlock (described on page 24). The instructions 
FSTSW/FNSTSW, FSTCW/FNSTCW, FLDCW, 
FRSTOR, and FLDENV do not require any waiting by 
the host before it may read or modify the referenced 
memory location. 

The 8087 provides the data synchronization by prevent- 
ing the host from gaining control of the local bus while 
these instructions execute. If the host cannot gain con- 
trol of the local bus, it cannot change a value before the 
8087 reads it, or read a value before the 8087 writes into 
it. 

The coprocessor interface guarantees that, when the 
host executes one of these instructions, the 8087 will 
immediately request the local bus from the host. This 
request is timed such that, when the host finishes the 
read operation identifying the memory operand, it will 
always grant the local bus to the 8087 before the host 
may use the local bus for a data reference while execut- 
ing a subsequent instruction. The 8087 will not release 
the local bus to the host until it has finished executing 
the numeric instruction. 



Error Synchronization 

Numeric errors can occur on almost any numeric in- 
struction at any time during its execution. Page 15 
describes how a numeric error may have many inter- 
pretations, depending on the application. Since the re- 
sponse to a numeric error will depend on the applica- 
tion, this section covers topics common to all uses of the 
NPX. We will review why error synchronization is need- 
ed and how it is provided. 

Concurrent execution of the host and 8087 requires syn- 
chronization for errors just like data references and 
numeric instructions. In fact, the synchronization re- 
quired for data and instructions automatically provides 
error synchronization. 

However, incorrect data or instruction synchronization 
may not cause a problem until a numeric error occurs. A 
further complication is that a programmer may not ex- 
pect his numeric program to cause numeric errors, but 
in some systems they may regularly happen. To better 
understand these points, let's look at what can happen 
when the NPX detects an error. 



ERROR SYNCHRONIZATION FOR EXTENSIONS 

The NPX can provide a default fixup for all numeric 
errors. A program can mask each individual error type 
to indicate that the NPX should generate a safe, reason- 
able result. The default error fixup activity is simply 
treated as part of the instruction which caused the error. 
No external indication of the error will be given. A flag 
in the numeric status register will be set to indicate that 
an error was detected, but no information, regarding 
where or when will be available. 

If the NPX performs its default action for all errors, 
then error synchronization is never exercised. But this is 
no reason to ignore error synchronization. 

Another alternative exists to the NPX default fixup of 
an error. If the default NPX response to numeric errors 
is not desired, the host can implement any form of re- 
covery desired for any numeric error detectable by the 
NPX. When a numeric error is unmasked, and the error 
occurs, the NPX will stop further execution of the 
numeric instruction. The 8087 will signal this event on 
the INT pin, while the 8087 emulator will cause inter- 
rupt 10i 6 to occur. The 8087 INT signal is normally con- 
nected to the host's interrupt system. Refer to page 18 
for further discussion on wiring the 8087 INT pin. 

Interrupting the host is a request from the NPX for 
help. The fact that the error was unmasked indicates 
that further numeric program execution under the arith- 
metic and programming rules of the NPX is unreason- 
able. Error synchronization serves to insure the NDP is 
in a well defined state after an unmasked numeric error 
occured. Without a well defined state, it is impossible to 
figure out why the error occured. 

Allowing a correct analysis of the error is the heart of 
error synchronization. 

NDP ERROR STATES 

If concurrent execution is allowed, the state of the host 
when it recognizes the interrupt is undefined. The host 
may have changed many of its internal registers and be 
executing a totally different program by the time it is in- 
terrupted. To handle this situation, the NPX has special 
registers updated at the start of each numeric instruction 
to describe the state of the numeric program when the 
failed instruction was attempted. (See Lit. Ref. p. iii) 

Besides programmer comfort, a well-defined state is im- 
portant for error recovery routines. They can change the 
arithmetic and programming rules of the 8087. These 
changes may redefine the default flxup from an error, 
change the appearance of the NPX to the programmer, 
or change how arithmetic is defined on the NPX. 
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EXTENSION EXAMPLES 

A change to an error response might be to automatically 
normalize all denormals loaded from memory. A 
change in appearance might be extending the register 
stack to memory to provide an "infinite" number of 
numeric registers. The arithmetic of the 8087 can be 
changed to automatically extend the precision and range 
of variables when exceeded. All these functions can be 
implemented on the NPX via numeric errors and 
associated recovery routines in a manner transparent to 
the programmer. 

Without correct error synchronization, numeric 
subroutines will not work correctly in the above situa- 
tions. 

Incorrect Error Synchronization 

An example of how some instructions written without 
error synchronization will work initially, but fail when 
moved into a new environment is: 

FILD COUNT 
INC COUNT 
FSQRT 

Three instructions are shown to load an integer, calcu- 
late its square root, then increment the integer. The 
coprocessor interface of the 8087 and synchronous ex- 
ecution of the 8087 emulator will allow this program to 
execute correctly when no errors occur on the FILD in- 
struction. 

But, this situation changes if the numeric register stack 
is extended to memory on an 8087. To extend the NPX 
stack to memory, the invalid error is unmasked. A push 
to a full register or pop from an empty register will 
cause an invalid error. The recovery routine for the er- 
ror must recognize this situation, fixup the stack, then 
perform the original operation. 

The recovery routine will not work correctly in the ex- 
ample. The problem is that there is no guarantee that 
COUNT will not be incremented before the 8087 can in- 
terrupt the host. If COUNT is incremented before the 
interrupt, the recovery routine will load a value of 
COUNT one too large, probably causing the program to 
fail. 

Error Synchronization and WAITs 

Error synchronization relies on the WAIT instructions 
required by instruction and data synchronization and 
the INT and BUSY signals Of the 8087. When an un- 
masked error occurs in the 8087, it asserts the BUSY 
and INT signals. The INT signal is to interrupt the host, 
while the BUSY signal prevents the host from destroy- 
ing the current numeric context. 



The BUSY signal will never go inactive during a numeric 
instruction which asserts INT. 

The WAIT instructions supplied for instruction syn- 
chronization prevent the host from starting another 
numeric instruction until the current error is serviced. In 
a like manner, the WAIT instructions required for data 
synchronization prevent the host from prematurely 
reading a value not yet stored by the 8087, or over- 
writing a value not yet read by the 8087. 

The host has two responsibilities when handling 
numeric errors. 1.) It must not disturb the numeric con- 
text when an error is detected, and 2.) it must clear the 
numeric error and attempt recovery from the error. The 
recovery program invoked by the numeric error may 
resume program execution after proper fixup, display 
the state of the NDP for programmer action, or simply 
abort the program. In any case, the host must do 
something with the 8087. With the INT and BUSY 
signals active, the 8087 cannot perform any useful 
work. Special instructions exist for controlling the 8087 
when in this state. Later, an example is given of how to 
save the state of the NPX with an error pending. (See 
page 29) 



Deadlock 

An undesirable situation may result if the host cannot 
be interrupted by the 8087 when asserting INT. This sit- 
uation, called deadlock, occurs if the interrupt path 
from the 8087 to the host is broken. 

The 8087 BUSY signal prevents the host from executing 
further instructions (for instruction or data syn- 
chronization) while the 8087 waits for the host to service 
the exception. The host is waiting for the 8087 to finish 
the current numeric operation. Both the host and 8087 
are waiting on each other. This situation is stable unless 
the host is interrupted by some other event. 

Deadlock has varying affects on the NDP's perfor- 
mance. If no other interrupts in the system are possible, 
the NDP will wait forever. If other interrupts can arise, 
then the NDP can perform other functions, but the af- 
fected numeric program will remain "frozen". 

SOLVING DEADLOCK 

Finding the break in the interrupt path is simple. Look 
for disabled interrupts in the following places: masked 
interrupt enable in the host, explicitly masked interrupt 
request in the interrupt controller, implicitly masked in- 
terrupt request in the interrupt controller due to a higher 
priority interrupt in service, or other gate functions, 
usually in TTL, on the host interrupt signal. 
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DEADLOCK AVOIDANCE 

Application programmers should not be concerned with 
deadlock. Normally, applications programs run with 
unmasked numeric errors able to interrupt them. Dead- 
lock is not possible in this case. Traditionally , ; systems 
software or interrupt handlers may run with numeric in- 
terrupts disabled. Deadlock prevention lies in this do- 
main. The golden rule to abide by is: "Never wait on the 
8087 if an unmasked error is possible and the 8087 inter- 
rupt path may be broken." 

Error Synchronization Summary 

In summary, error synchronization involves protecting 
the state of the 8087 after an exception. Although not all 
applications may initially require error synchronization, 
it is just good programming practice to follow the rules. 
The advantage of being a "good** numerics program- 
mer is generality of your program so it can work in 
other, more general environments. 

Summary 

Synchronization is the price for concurrency in the 
NDP. Intel high level language compilers will auto- 
matically provide concurrency and manage it with syn- 
chronization. The assembly language programmer can 
choose between using concurrency or not. Placing a 
WAIT instruction immediately after any numeric in- 
struction will prevent concurrency and avoid synchro- 
nization concerns. 

The rules given above are complete and allow concur- 
rency to be used to full advantage. 

Synchronization and the Emulator 

The above discussion on synchronization takes on 
special meaning with the 8087 emulator. The 8087 emu- 
lator does not allow any concurrency. All numeric 
operand memory references, error tests, and wait for 
instruction completion occur within the emulator. As a 
result, programs which do not provide proper instruc- 
tion, data, or error synchronization may work with the 
8087 emulator while failing on the component. 

Correct programs for the 8087 work correctly on the 
emulator. 

Special Control Instructions of the NPX 

The special control instructions of the NPX: FNINIT, 
FNSAVE, FNSTENV, FRSTOR, FLDENV, FLDCW, 
FNSTSW, FNSTCW, FNCLEX, FNENI, and FNDISI 
remove some of the synchronization requirements men- 
tioned earlier. They are discussed here since they repre- 
sent exceptions to the rules mentioned on page 21 . 

The instructions FNINIT, FNSAVE, FNSTENV, 
FNSTSW, FNCLEX, FNENI, and FNDISI do not wait 



for the current numeric instruction to finish before they 
execute. Of these instructions, FNINIT, FNSTSW, 
FNCLEX, FNENI and FNDISI will produce different 
results, depending on when they are executed relative to 
the current numeric instruction. 

For example, FNCLEX will cause a different status 
value to result from a concurrent arithmetic operation, 
depending on whether is is executed before or after the 
error status bits are updated at the end of the arithmetic 
operation. The intended use of FNCLEX is to clear a 
known error status bit which has caused BUSY to be 
asserted, avoiding deadlock. 

FNSTSW will safely, without deadlock, report the busy 
and error status of the NPX independent of the NDP in- 
terrupt status. 

FNINIT, FNENI, and FNDISI are used to place the 
NPX into a known state independent of its current 
state. FNDISI will prevent an unmasked error from 
asserting BUSY without disturbing the current error 
status bits. Appendix A shows an example of using 
FNDISI. 

The instructions FNSAVE and FNSTENV provide spe- 
cial functions. They allow saving the state of the NPX in 
a single instruction when host interrupts are disabled. 

Several host and numeric instructions are necessary to 
save the NPX status if the interrupt status of the host is 
unknown. Appendix A and B show examples of saving 
the NPX state. As the Numerics Supplement explains, 
host interrupts must always be disabled when executing 
FNSAVE or FNSTENV. 

The seven instructions FSTSW/FNSTSW, FSTCW/ 
FNSTCW, FLDCW, FLDENV, and FRSTOR db not 
require explicit WAIT instructions for data synchro- 
nization. All of these instructions are used to interrogate 
or control the numeric context. 

Data synchronization for these instructions is 
automatically provided by the coprocessor interface. 
The 8087 will take exclusive control of the memory bus, 
preventing the host from interfering with the data values 
before the 8087 can read them. Eliminating the need for 
a WAIT instruction avoids potential deadlock pro- 
blems. 

The three load instructions FLDCW, FLDENV, and 
FRSTOR can unmask a numeric error, activating the 
8087 BUSY signal. Such an error was the result of a 
previous numeric instruction and is not related to any 
fault in the instruction. 

Data synchronization is automatically provided since 
the host's interrupts are usually disabled in context swit- 
ching or interrupt handling, deadlock might result if the 
host executed a WAIT instruction with its interrupts 
disabled after these instructions. After the host inter- 
rupts are enabled, an interrupt will occur if an unmask- 
ed error Was pending. 
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PROGRAMMING TECHNIQUES 

The NPX provides a stack-oriented register set with 
stack-oriented instructions for numeric operands. These 
registers and instructions are optimized for numeric 
programs. For many programmers, these are new re- 
sources with new programming options available. 

Using Numeric Registers and 
Instructions 

The register and instruction set of the NDP is optimized 
for the needs of numeric and general purpose programs. 
The host CPU provides the instructions and data types 
needed for general purpose data processing, while the 
8087 provides the data types and instructions for 
numeric processing. 

The instructions and data types recognized by the 8087 
are different from the CPU because numeric program 
requirements are different from those of general pur- 
pose programs. Numeric programs have long arithmetic 
expressions where a few temporary values are used in a 
few statements. Within these statements, a single value 
may be referenced many times. Due to the time involved 
to transfer values between registers and memory, a 
significant speed optimization is possible by keeping 
numbers in the NPX register file. 

In contrast, a general data processor is more concerned 
with addressing data in simple expressions and testing 
the results. Temporary values, constant across several 
instructions, are not as common nor is the penalty as 
large for placing them in memory. As a result it is 
simpler for compilers and programmers to manage 
memory based values. 



NPX Register UsagS 

The eight numeric registers in the NDP are stack ori- 
ented. All numeric registers are addressed relative to a 
value called the TOP pointer, defined in the NDP status 
register. A register address given in an instruction is ad- 
ded to the TOP value to form the internal absolute ad- 
dress. Relative addressing of numeric registers has ad- 
vantages analogous to those of relative addressing of 
memory operands. 

Two modes are available for addressing the numeric 
registers. Hie first mode implicitly uses the top and op- 
tional next element on the stack for operands. This 
mode does not require any addressing bits in a numeric 
instruction. Special purpose instructions use this mode 
since full addressing flexibility is not required. 

The other addressing mode allows any other stack ele- 
ment to be used together with the top of stack register. 
The top of stack or the other register may be specified as 
the destination. Most two-operand arithmetic instruc- 
tions allow this addressing mode. Short, easy to develop 
numeric programs are the result. 

Just as relative addressing of memory operands avoids 
concerns with memory allocation in other parts of a 
program, top relative register addressing allows registers 
to be used without regard for numeric register assign- 
ments in other parts of the program. 

STACK RELATIVE ADDRESSING EXAMPLE 

Consider an example of a main program calling a 
subroutine, each using register addressing independent 
of the other, (Fig. 19) By using different values of the 
TOP field, different software can use the same relative 
register addresses as other parts of the program, but 
refer to different physical registers. 



MAIN_PROGRAM: 




FLD 






FADD 


•ST, ST(1) 




CALL 


SUBROUTINE 


; Argument is in ST(0) 


FSTP 


B 




SUBROUTINE: 






FLD 


ST 


; ST<0) = ST(1) = Argument 


FSQRT 




; Main program ST(1) is 


FADD 


C 


; safe in ST(2) here 


FMULP 


ST(1), ST 




RET 







Figure 19. Stack Relative Addressing Example 
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Of course, there is a limit tolny physical resource. The 
NDP has eight numeric registers. Normally, program- 
mers must ensure a maximum of eight values are pushed 
on the numeric register stack at any time. For time- 
critical inner loops of real-time applications, eight regis- 
ters should contain all the values needed. 

REGISTER STACK EXTENSION 

This hardware limitation can be hidden by software. 
Software can provide "virtual* ' numeric registers, ex- 
panding the register stack size to 6000 or more. 

The numeric register stack can be extended into memory 
via unmasked numeric invalid errors which cause an in- 
terrupt on stack overflow or underflow. The interrupt 
handler for the invalid error would manage a memory 
image of the numeric stack copying values into and out 
of memory as needed. 

The NPX will contain all the necessary information to 
identify the error, failing instruction, required registers, 
and destination register. After correcting for the missing 
hardware resource, the original numeric operation 
could be repeated. Either the original numeric instruc- 
tion could be single stepped or the affect of the instruc- 
tion emulated by a composite of table-based numeric in- 
structions executed by the error handler. 

With proper data, error, and instruction synchroniza- 
tion, the activity of the error handler will be transparent 
to programs. This type of extension to the NDP allows 
programs to push and pop 'numeric registers without 
regard for their usage by other subroutines. 

Programming Conventions 

With a better understanding of the stack registers, let's 
consider some useful programming conventions. Fol- 
lowing these conventions ensures compatibility with 
Intel support software and high level language calling 
conventions. 

1) If the numeric registers are not extended to 
memory, the programmer must ensure that the 
number of temporary values left in the NPX stack 
and those registers used by the caller does not exceed 
8. Values can be stored to memory to provide enough 
free NPX registers. 

2) Pass the first seven numeric parameters to a subrou- 
tine in the numeric stack registers. Any extra param- 
eters can be passed on the host's stack. Push the 
values on the register or memory stack in left to right 
order. If the subroutine does not need to allocate any 
more numeric registers, it can execute solely out of 
the numeric register stack. The eighth register can be 
used for arithmetic operations. All parameters 
should be popped off when the subroutine com- 
pletes. 



3) Return all numeric values on the numeric stack. The 
caller may now take advantage of the extended preci- 
sion and flexible store modes of the NDP. 

4) Finish all memory reads or writes by the NPX before 
exiting any subroutine. This guarantees correct data 
and error synchronization. A numeric operation 
based solely on register contents is safe to leave run- 
ning on subroutine exit. 

5) The operating mode of the NDP should be transpar- 
ent across any subroutine. The operating mode is 
defined by the control word of the NDP. If the sub- 
routine needs to use a different numeric operating 
mode than that of the caller, the subroutine should 
first save the current control word^ set the new oper- 
ating mode, then restore the original control word 
when completed. 



PROGRAMMING EXAMPLES 

The last section of this application note will discuss five 
programming examples. These examples were picked to 
illustrate NDP programming techniques and commonly 
used functions. All have been coded, assembled, and 
tested. However, no guarantees are made regarding 
their correctness. 

The programming examples are: saving numeric 
context switching, save numeric context without 
FSAVE/FNSAVE, converting ASCII to floating point, 
converting floating point to ASCII, and trigonometric 
functions. Each example is listed in a different appendix 
with a detailed written description in the following text. 
The source code is available in machine readable form 
from the Intel Insite User's Library, "Interactive 8087 
Instruction Interpreter," catalog item AA20. 

The examples provide some basic functions needed to 
get started with the numeric data processor. They work 
with either the 8087 or the 8087 emulator with no source 
changes. 

The context switching examples are needed for 
operating systems or interrupt handlers which may use 
numeric instructions and operands. Converting between 
floating point and decimal ASCII will be needed to in- 
put or output numbers in easy to read form. The trigo- 
nometric examples help you get started with sine or 
cosine functions and can serve as a basis for optimiza- 
tions if the angle arguments always fall into a restricted 
range. 
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OVERVIEW 

Appendix A shows deadlock-free examples of numeric 
context switching. Numeric context switching is re- 
quired by interrupt handlers which use the NPX and 
operating system context switchers. Context switching 
consists of. two basic functions, save the numeric con- 
text and restore it. These functions must work indepen- 
dent of the current state of the NPX. 

Two versions of the context save function are shown. 
They use different versions of the save context instruc- 
tion. The FNSAVE/FSAVE instructions do all the work 
of saving the numeric context. The state of host inter- 
rupts will decide which instruction to use. 

Using FNSAVE 

The FNSAVE instruction is intended to save the NPX 
context when host interrupts are disabled. The host does 
not have to wait for the 8087 to finish its current opera- 
tion before starting this operation. Eliminating the in- 
struction synchronization wait avoids any potential 
deadlock. 

The 8087 Bus Interface Unit (BIU) will save this instruc- 
tion when encountered by the host and hold it until the 
8087 Floating point Execution Unit (FEU) finishes its 
current operation. When the FEU becomes idle, the 
BIU will start the FEU executing the save context opera- 
tion. 

The host can execute other non-numeric instructions 
after the FNSAVE while the BIU waits for the FEU to 
finish its current operation. The code starting at 
NO_JNT_NPX_SAVE shows how to use the 
FNSAVE instruction. 

When executing the FNSAVE instruction, host inter- 
rupts must be disabled to avoid recursions of the in- 
struction. The 8087 BIU can hold only one FNSAVE in- 
struction at a time. If host interrupts were not disabled, 
another host interrupt might cause a second FNSAVE 
instruction to be executed, destroying the previous one 
saved in the 8087 BIU. 

It is not recommended to explicitly disable host inter- 
rupts just to execute an FNSAVE instruction. In 
general, such an operation may not be the best course of 
action or even be allowed. 

If host interrupts are enabled during the NPX context 
save function, it is recommended to use the FSAVE in- 
struction as shown by the code starting at NPX__SAVE. 
This example will always work, free of deadlock, in- 
dependent of the NDP interrupt state. 



Using FSAVE 

The FSAVE instruction performs the same operation as 
FNSAVE but it uses standard instruction synchroniza- 
tion. The host will wait for the FEU to be idle before 
initiating the save operation. Since the host ignores all 
interrupts between completing a WAIT instruction and 
starting the following ESCAPE instruction, the FEU is 
ready to immediately accept the operation (since it is not 
signalling BUSY). No recursion of the save context 
operation in the BIU is possible. However, deadlock 
must be considered since the host executes a WAIT in- 
struction. 

To avoid deadlock when using the FSAVE instruction, 
the 8087 must be prevented from signalling BUSY when 
an unmasked error exists. 

The Interrupt Enable Mask (IEM) bit in the NPX con- 
trol word provides this function. When IEM=1, the 
8087 will not signal BUSY or INT if an unmasked error 
exists. The NPX instruction FNDISI will set the IEM in- 
dependent of any pending errors without causing 
deadlock or any other errors. Using the FNDISI and 
FSAVE instructions together with a few other glue in- 
structions allows a general NPX context save function. 

Standard data and instruction synchronization is re- 
quired after executing the FNSAVE/FSAVE instruc- 
tion. The wait instruction following an FNSAVE/ 
FSAVE instruction is always safe since all NPX errors 
will be masked as part of the instruction execution. 
Deadlock is not possible since the 8087 will eventually 
signal not busy, allowing the host to continue on. 



PLACING THE SAVE CONTEXT FUNCTION 

Deciding on where to save the NPX context in an inter- 
rupt handler or context switcher is dependent on 
whether interrupts can be enabled inside the function. 
Since interrupt latency is measured in terms of the max- 
imum time interrupts are disabled, the maximum wait 
time of the host at the data synchronizing wait instruc- 
tion after the FNSAVE or the FSAVE instruction is im- 
portant if host interrupts are disabled while waiting. 

The wait time will be the maximum single instruction 
execution time of the 8087 plus the execution time of the 
save operation. This maximum time will be approxi- 
mately 1300 or 1500 clocks, depending on whether the 
host is an 8086 or 8088, respectively. The actual time 
will depend oh how much concurrency of execution bet- 
ween the host and 8087 is provided. The greater the 
concurrency, the lesser the maximum wait time will be. 
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If host interrupts can be enabled during the context save 
function, it is recommended to use the FSAVE instruc- 
tion for saving the numeric context in the interruptable 
section. The FSAVE instruction allows instruction and 
data synchronizing waits to be interruptable. This 
technique removes the maximum execution time of 8087 
instructions from system interrupt latency time con- 
siderations. 

It is recommended to delay starting the numeric save 
function as long as possible to maintain the maximum 
amount of concurrent execution between the host and 
the 8087. 



NPX_save 



Using FRSTOR 

Restoring the numeric context with FRSTOR does not 
require a data synchronizing wait afterwards since the 
8087 automatically prevents the host from interfering 
with the memory load operation. 

The code starting with NPX^RESTORfi illustrates the 
restore operation. Error synchronization is not 
necessary since the FRSTOR instruction itself does not 
cause errors, but the previous state of the NPX may in- 
dicate an error. 

If further numeric instructions are executed after the 
FRSTOR, and the error state of the new NPX context is 
unknown, deadlock may occur if numeric exceptions 
cannot interrupt the host. 



; General purpose save of NPX context. This function will work independent of the interrupt state of 


; the NDP. Deadlock can not occur. 47 words of memory are required by the variable save___area. 


; Register ax is not transparent across this code. • 


NPX_save: 




Save I EM bit status 


FNSTCW 


save_area 


NOP 




Delay while 8087 saves control register 


FNDISI 




Disable 8087 BUSY signal 


MOV 


ax, save_area 


Get original control word 


FSAVE 


save_area 


Save NPX context, the host can be safely interrupted while 






waiting for the 8087 to finish. Deadlock is not possible since 


FWAIT 




IEM = LWait for save to finish. Put original control word into 


MOV 


save_area, ax 


NPX context area. All done 



no_int_NPX_save 



Save the NPX context with host interrupts disabled. No deadlock is possible. 47 words of memory 
are required by the variable save_area. 



no_i nt_N PX_save: 

FNSAVE save_area 
FWAIT 



; Save NPX context. Wait for save to finish, no deadlock 
; is possible. Interrupts may be enabled now, all done 



NPX„restore 



Restore the NPX context saved earlier. No deadlock is possible if no further numeric instructions 
are executed until the 8087 numeric error interrupt is enabled. The variable save_area is assumed 
to hold an NPX context saved earlier. It must be 47 words long. 



NPX_restore: 
FRSTOR 



save_area 



Load new NPX context 
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OVERVIEW 

Appendix B shows alternative techniques for switching 
the numeric context without using the FSAVE/ 
FNSAVE or FRSTOR instructions. These alternative 
techniques are slower than those of Appendix A but 
they reduce the worst case continuous local bus usage of 
the 8087. 

Only an iAPX 86/22 or iAPX 88/22 could derive any 
benefit from this alternative. By replacing all 
FSAVE/FNSAVE instructions in the system, the worst 
case local bus usage of the 8087 will be 10 or 16 con- 
secutive memory cycles for an 8086 or 8088 host, respec- 
tively. 

Instead of saving and loading the entire numeric context 
in one long series of memory transfers, these routines 
use the FSTENV/FNSTENV/FLDENV instructions 
and separate numeric register load/store instructions. 
Using separate load/store instructions for the numeric 
registers forces the 8087 to release the local bus after 
each numeric load/store instruction. The longest series 
of back-to-back memory transfers required by these 
instructions are 8/12 memory cycles for an 8086 or 8088 
host, respectively. In contrast, the FSAVE/ 
FNSAVE/FRSTOR instructions perform 50/94 back- 
to-back memory cycles for an 8086 or 8088 host. 

Compatibility With FSAVE/FNSAVE 

This function produces a context area of the same for- 
mat produced by FSAVE/FNSAVE instructions. Other 
software modules expecting such a format will not be 
affected. All the same interrupt and deadlock considera- 
tions of FSAVE and FNSAVE also apply to FSTENV 
and FNSTENV. Except for the fact that the numeric 
environment is 7 words rather than the 47 words of the 
numeric context, all the discussion of Appendix A also 
applies here. 



The state of the NPX registers must be saved in memory 
in the same format as the FSAVE/FNSAVE instruc- 
tions. The program example starting at the label 
SMALL_BLOCK_NPX_JSAVE illustrates a software 
loop that will store their contents into memory in the 
same top relative order as that of FSAVE/FNSAVE. 

To save the registers with FSTP instructions, they must 
be tagged valid, zero, or special. This function will force 
all the registers to be tagged valid, independent of their 
contents or old tag, and then save them. No problems 
will arise if the tag value conflicts with the register's 
content for the FSTP instruction. Saving empty regis- 
ters insures compatibility with the FSAVE/FNSAVE in- 
structions. After saving all the numeric registers, they 
will all be tagged empty, the same as if an 
FSAVE/FNSAVE instruction had been executed. 



Compatibility With FRSTOR 

Restoring the numeric context reverses the procedure 
described above, as shown by the code starting at 
SM ALL_BLOCK_NPX_RESTORE . All eight regis- 
sters are reloaded in the reverse order. With each 
register load, a tag value will be assigned to each 
register. The tags assigned by the register load does not 
matter since the tag word will be overwritten when the 
environment is reloaded later with FLDENV. 

Two assumptions are required for correct operation of 
the restore function: all numeric registers must be empty 
and the TOP field must be the same as that in the con- 
text being restored. These assumptions will be satisfied 
if a matched set of pushes and pops were performed bet- 
ween saving the numeric context and reloading it. 

If these assumptions cannot be met, then the code exam- 
ple starting at NPX__CLEAN shows how to force all the 
NPX registers empty and set the TOP field of the status 
word. 



3-31 



AM 13 



smalL_block_N PX_save 



; Save the NPX context independent of NDP interrupt state. Avoid using the FSAVE instruction to 
; limit the worst case memory bus usage of the 8087. The NPX context area formed will appear the 
; same as if an FSAVE instruction had written into it. The variable save_area will hold the NPX 
; context and must be 47 words long. The registers ax, bx, and cx will not be transparent. 

small_J>lock_N PX_save: 



FNSTCW 


save_area 




NOP 




Delav while 8087 saves control register 


FNDISI 




Disable 8087 BUSY signal 


MOV 


ax, save_area 


Get original control word 


MOV 


cx, 8 


Set numeric register count 


XOR 


bx, bx 


Tag field value for stamping all registers as valid 


FSTENV 


save_area 


Save NPX environment 


FWAIT 




Wait for the store to complete 


XCHG 


save__area+4, bx 


Get original tag value and set new tag value 


FLDENV 


save__area 


Force all register tags as valid. BUSY is still masked. No data 


MOV 


save_area, ax 


synchronization needed. Put original control word into NPX 


MOV 


save_area + 4, bx 


environment. Put original tag word into NPX environment 


XOR 


bx, bx 


Set initial register index 


reg___store__loop: 




FSTP 


saved__reg [bx] 


Save register 


ADD 


bx, type saved__reg 


Bump pointer to next register 


LOOP 


reg_store_loop 





; All done 



NPX clean 





W V «'-,v : ' <'<■'"; ' ' ' ' 
Force the NPX into a clean state with TOP matching the TOP field stored in the NPX context and all 




numeric registers tagged empty. Save. 


_area must be the NPX environment saved earlier. 




Temp_env is a 7 word temporary area used to build a prototype NPX environment. Register ax will 




not be transparent. 




NPX_clean: 




FINIT 


; Put NPX into known state 


MOV ax, save__area-f 2 


; Get original status word 


AND ax,3800H 


; Mask out the top field 


FSTENV temp_env 


; Format a temporary environment area with all registers 




; stamped empty and TOP field = 0. 


FWAIT 


■ Wait for the store to finish. 


OR temp__env+2, ax 


Put in the desired TOP value. 


FLDENV temp_env, 


, Setup new NPX environment. 




; Now enter small_block_NPX__restore 
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small_block_NPX_restore 



; Restore the NPX context without using the FRSTOR instruction. Assume the NPX context is in the 


; same form as that created by an FSAVE/FNSAVE instruction, ail the registers are empty, and that 


; the TOP field of the NPX matches the TOP field of the NPX context. The variable save_area must 


; be an NPX context save area, 47 words long. The registers bx and cx will not be transparent. 


small_block_NPXL_restore: 




MOV cx, 8 


; Set register count 


MOV bx, type saved_reg*7 


; Starting offset of ST(7) 


reg_Joad__loop: 




FLD saved_reg [bx] 


; Get the register 


SUB bx, type saved_reg 


; Bump pointer to next register 


LOOP reg__load_Joop 




FLDENV save_area 


; Restore NPX context 




; All done 



APPENDIX C 



OVERVIEW 

Appendix C shows how floating point values can be 
converted to decimal ASCII character strings. The func- 
tion can be called from PLM/86, PASCAL/86, FOR- 
TRAN/86, or ASM/86 functions. 

Shortness, speed, and accuracy were chosen rather than 
providing the maximum number of significant digits 
possible. An attempt is made to keep integers in their 
own domain to avoid unnecessary conversion errors. 

Using the extended precision real number format, this 
routine achieves a worst case accuracy of three units in 
the 1 6th decimal position for a non-integer value or in- 
tegers greater than 10 18 . This is double precision ac- 
curacy. With values having decimal exponents less than 
100 in magnitude, the accuracy is one unit in the 17th 
decimal position. 

Higher precision can be achieved with greater care in 
programming, larger program size, and lower perfor- 
mance. 

Function Partitioning 

Three separate modules implement the conversion. 
Most of the work of the conversion is done in the mod- 
ule FLOATING_TO__ASCII. The other modules are 
provided separately since they have a more general use. 
One of them, GET_POWER_10, is also used by the 
ASCII to floating point conversion routine. The other 
small module, TOS_STATUS, will identify what, if 
anything, is in the top of the numeric register stack. 



Exception Considerations 

Care is taken inside the function to avoid generating ex- 
ceptions. Any possible numeric value will be accepted. 
The only exceptions possible would occur if insufficient 
space exists on the numeric register stack. 

The value passed in the numeric stack is checked for ex- 
istence, type (NAN or infinity), and status (unnormal, 
denormal, zero, sign). The string size is tested for a 
minimum and maximum value. If the top of the register 
stack is empty, or the string size is too small, the func- 
tion will return with an error code. 

Overflow and underflow is avoided inside the function 
for very large or very small numbers. 

Special Instructions 

The functions demonstrate the operation of several 
numeric instructions, different data types, and precision 
control. Shown are instructions for automatic conver- 
sion to BCD, calculating the value of 10 raised to an in- 
teger value; establishing and maintaining concurrency, 
data synchronization, and use of directed rounding on 
the NPX. 

Without the extended precision data type and built-in 
exponential function, the double precision accuracy of 
this function could not be attained with the size and 
speed of the shown example. 

The function relies on the numeric BCD data type for 
conversion from binary floating point to decimal. It is 
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not difficult to unpack the BCD digits into separate 
ASCII decimal digits. The major work involves scaling 
the floating point value to the comparatively limited 
range of BCD values. To print a 9-digit result requires 
accurately scaling the given value to an integer between 
10 8 and 10 9 . For example, the number +0.123456789 
requires a scaling factor of 10 9 to produce the value 
+ 123456789.0 which can be stored in 9 BCD digits. The 
scale factor must be an exact power of 10 to avoid to 
changing any of the printed digit values. 

These routines should exactly convert all values exactly 
representable in decimal in the field size given. Integer 
values which fit in the given string size, will not be 
scaled, but directly stored into the BCD form. Non- 
integer values exactly representable in decimal within 
the string size limits will also be exactly converted. For 
example, 0.125 is exactly representable in binary or 
decimal. To convert this floating point value to decimal, 
the scaling factor will be 1000, resulting in 125. When 
scaling a value, the function must keep track of where 
the decimal point lies in the final decimal value. 

DESCRIPTION OF OPERATION 

Converting a floating point number to decimal ASCII 
takes three major steps: identifying the magnitude of 
the number, scaling it for the BCD data type, and con- 
verting the BCD data type to a decimal ASCII string. 

Identifying the magnitude of the result requires finding 
the value X such that the number is represented by 
PIO* where 1.0 < = I< 10.0. Scaling the number re- 
quires multiplying it by a scaling factor 10 s , such that 
the result is an integer requiring no more decimal digits 
than provided for in the ASCII string. 

Once scaled, the numeric rounding modes and BCD 
conversion put the number in a form easy to convert to 
decimal ASCII by host software. 

Implementing each of these three steps requires atten- 
tion to detail. To begin with, not all floating point 
values have a numeric meaning. Values such as infinity, 
indefinite, or Not A Number (NAN) may be en- 
countered by the conversion routine. The conversion 
routine should recognize these values and identify them 
uniquely. 

Special cases of numeric values also exist. Denormals, 
unnormals, and pseudo zero all have a numeric value 
but should be recognized since all of them indicate that 
precision was lost during some earlier calculations. 

Once it has been determined that the number has a 
numeric value, and it is normalized setting appropriate 
unnormal flags, the value must be scaled to the BCD 
range. 



Scaling the Value 

To scale the number, its magnitude must be determined. 
It is sufficient to calculate the magnitude to an accuracy 
of 1 unit, or within a factor of 10 of the given value. 
After scaling the number, a check will be made to see if 
the result falls in the range expected. If not, the result 
can be adjusted one decimal order of magnitude up or 
down. The adjustment test after the scaling is necessary 
due to inevitable inaccuracies in the scaling value. 

Since the magnitude estimate need only be close, a fast 
technique is used. The magnitude is estimated by multi- 
plying the power of 2, the unbiased floating point expo- 
nent, associated with the number by logio2. Rounding 
the result to an integer will produce an estimate of suffi- 
cient accuracy. Ignoring the fraction value can in- 
troduce a maximum error of 0.32 in the result. 

Using the magnitude of the value and size of the number 
string, the scaling factor can be calculated. Calculating 
the scaling factor is the most inaccurate operation of the 
conversion process. The relation 10 x = 2**(X*log2lO) is 
used for this function. The exponentiate instruction 
(F2XM1) will be used. 

Due to restrictions on the range of values allowed by the 
F2XM1 instruction, the power of 2 value will be split in- 
to integer and fraction components. The relation 
2**(I + F) = 2**I * 2**F allows using the FSCALE in- 
struction to recombine the 2**F value, calculated 
through F2XM1, and the 2**1 part. 

Inaccuracy in Scaling 

The inaccuracy of these operations arises because of the 
trailing zeroes placed into the fraction value when strip- 
ping off the integer valued bits. For each integer valued 
bit in the power of 2 value separated from the fraction 
bits, one bit of precision is lost in the fraction field due 
to the zero fill occurring in the least significant bits. 

Up to 14 bits may be lost in the fraction since the largest 
allowed floating point exponent value is 2 14 - 1. 

AVOIDING UNDERFLOW AND OVERFLOW 

The fraction and exponent fields of the number are sep- 
arated to avoid underflow and overflow in calculating 
the scaling values. For example, to scale 10 ~ 4932 to 10 8 
requires a scaling factor of 10 4950 which cannot be rep- 
resented by the NPX. 

By separating the exponent and fraction, the scaling 
operation involves adding the exponents separate from 
multiplying the fractions. The exponent arithmetic will 
involve small integers, all easily represented by the 
NPX. 
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FINAL ADJUSTMENTS 

It is possible that the power function (Get— Power_J0) 
could produce a scaling value such that it forms a scaled 
result larger than the ASCII field could allow. 
For example, scaling 9. 9999999999999999 e4900 
by 1.00000000000000010e-4883 would produce 
1.00000000000000009el8. The scale factor is within the 
accuracy of the NDP and the result is within the conver- 
sion accuracy, but it cannot be represented in BCD for- 
mat. This is why there is a post-scaling test on the 
magnitude of the result. The result can be multiplied or 
divided by 10, depending on whether the result was too 
small or too large, respectively. 



Output Format 

For maximum flexibility in output formats, the position 
of the decimal point is indicated by a binary integer 
called the power value. If the power value is zero, then 
the decimal point is assumed to be at the right of the 
right-most digit. Power values greater than zero indicate 
how many trailing zeroes are not shown. For each unit 
below zero, move the decimal point to the left in the 
string. 

The last step of the conversion is storing the result in 
BCD and indicating where the decimal point lies. The 
BCD string is then unpacked into ASCII decimal char- 
acters. The ASCII sign is set corresponding to the sign 
of the original value. 



LINE 



SOURCE 



$ti tie (Convert a floating point number to ASCII) 
name f loating_to_asci i 

public f loating~t°Z asc * * 

extrn getjpower 10:near ,tos_status:near 



; This subroutine will convert the floating point 

; top of the 8087 stack to an ASCII string and sepa 

scaling value (in binary). The maximum width of 
formed is controlled by a parameter which must be 
denormal values, and psuedo zeroes will be correc 
A returned value will indicate how many binary bi 
precision were lost in an unnormal or denormal va 
(in terms of binary power) of a psuedo zero will 
Integers less than 10**18 in magnitude are accura 
destination ASCII string field is wide enough to 
digits. Otherwise the value is converted to scie 



number in the 
rate power of 10 
the ASCII string 

> 1. Unnormal values, 
tly converted, 
ts of 

lue. The magnitude 
also be indicated, 
tely converted if the 
hold all the 
ntific notation. 



The status of the conversion is identified by the return value, 
it can be: 

0 conversion complete, string^size is defined 

1 invalid arguments 

2 exact integer conversion, string __size is defined 

3 indefinite 

4 + NAN (Not A Number) 

5 - NAN 

6 + Infinity 

7 - Infinity 

8 psuedo zero found, string jsize is defined 

The PLM/86 calling convention is: 

f loating toasci i : 

procedure (number , denormal ptr, string j?tr ,size_ptr,f ield^size, 

power^ptr) word external; - - - 

declare (denormal_ptr # str ing ptr ,powerj?tr ,sizej?tr ) pointer; 
declare field^size word, string size based sizejatr word; 
declare numbeF real; ~ ~ 

declare denormal integer based denormal^ptr ; 
declare power integer based power jptr; 
end floating_to ascii; 

The floating point value is expected to be on the top of the NPX 
stack. This subroutine expects 3 free entries on the NPX stack and 
will pop the passed value off when done. The generated ASCII string 
will have a leading character either •-• or ■ + ' indicating the sign 
of the value. The ASCII decimal digits will immediately follow. 
The numeric value of the ASCII string is (ASCII STRING. ) *10**POWER. 
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49 
50 
51 
52 
53 
54 
55 
56 
57 
b8 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
.97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
11/ 
118 



It the given number was zero, the ASCII string will contain a sign 
and a single zero chacter. The value string_size indicates the total 
length of the ASCII string including the sign character. String (0) will 
always hold the sign. It is possible for string size to be less than 
field^size. This occurs for zeroes or integer values. A psuedo zero 
will return a special return code. The denormal count will indicate 
the power of two originally associated with the value. The power of 
ten and ASCII string will be as if the value was an ordinary zero. 

This subroutine is accurate up to a maximum. of 18 decimal digits for 
integers. Integer values will have a decimal power of zero associated 
with them. For non integers, the result will be accurate to within 2 
decimal digits of the 16th decimal place (double precision). The 
exponentiate instruction is also used for scaling the value into the 
Grange acceptable for the BCD data type. The rounding mode in effect 
on entry to the subroutine is used for the conversion. 

The following registers are not transparent: 

ax bx cx dx si di flags 



Define the stack layout. - 

bpjsave equ word ptr [bp] 

es~save equ bp^save + size bp^save 

return jptr equ es~save + size es^save 

power_ptr equ reFurnjptr + si ze~return_ptr 

field~size equ power_ptr + size power ptr 

size_ptr equ field^size + size fielcT^size 

stringjptr equ size_ptr + size size__ptF 

denormal^ptr equ stringjptr + size stringjptr 

parms_size equ size powerjatr + size field^size + size size^ptr + 

& size string ptr + size denormal ptr ~~ 



Define constants used 



BCDJ5IGITS 
WORD SIZE 
BCDjTlZE 
MINUS 
NAN 

INFINITY 

INDEFINITE 

PSUEDO^ZERO 

INVALID 

ZERO 

DENORMAL 
UNNORMAL 
NORMAL 
EXACT 



equ 


18 


equ 


2 


equ 


10 


equ 


1 


equ 


4 


equ 


6 


equ 


3 


equ 


8 


equ 


-2 


equ 


-4 


equ 


-6 


equ 


-8 


equ 


0 


equ 


2 



Number of digits in bcd_value 



Define return values 
The exact values chosen here are 
important. They must correspond to 
the possible return values and be in 
the same numeric order as tested by 
the program. 



; Define layout of temporary storage area. 

; ' 

status equ word ptr [bp-wORD_SIZE] 

power_two equ status - WORD SIZE 

power^ten equ power__ two - w6"RD_alZE 

bcd_value equ tbyte~"ptr power ten - BCDjsIZE 

bcd__byte equ byte ptr bcd_yaTue ~* 

fraction equ bcd_value 

local_size equ size status + size power_two + size power_ten 

& ~ + size bcd^yalue ~* . ~ 

Allocate stack space for the temporaries so the stack will be big enough 

stack segment stack 'stack* 

db (local size+6) dup (?) 
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120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 



cgroup 
code 



constl0 



group code 

segment public 'code' 

assume cstcgroup 

extrn power_table:qword 

Constants used by this function. 



even 
dw 



10 



; Optimize for 16 bits 

; Adjustment value for too big BCD 



Convert the C3,C2,C1,C0 encoding from tos_status into meaningful bit 
flags and values. ~~ 



status table 



db 



UNNORMAL, NAN , UNNORYA I'. + MIMUS, NAN + VIMU£, 



MORTAL, INFINITY, NORMAL + MINUS , INFINITY 4 MINUS, 



136 & ZERO, INVALID, ZERO + MINUS, INVALID, 



137 



DENORMAL, INVALID, DENORMAL 4 MINUS , INVALID 



138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 



f loating__to_asci i proc 



call tos_status 

mov bx,ax 

mov al, status tablefbx] 

cmp al, INVALID 

jne not_empty 



; Look at status of ST(0) 
; Get descriptor from table 

; Look for empty ST(0) 



ST(0) is empty! Return the status value, 
ret parms^size 

Remove infinity from stack and exit. 
found_inf ini ty : 



f stp 
jmp 



st (0) 

short exit_proc 



String space is too small! 
smal ljstr ing : 

mov al, INVALID 

exit proc: 



; OK to leave fstp runninq 
Return invalid code. 



mov 
pop 
pop 
ret 



sp,bp 

bp 

es 

parms size 



; Free stack space 
; Restore registers 



ST(0) is NAN or indefinite. Store the value in memory and look 
at the fraction field to separate indefinite from an ordinary NAN. 



NAN or indefinite: 



fstp 
test 
fwait 



fraction 
al, MINUS 

exi t_proc 



; Remove value from stack for examination 

; Look at sign bit 

; Insure store is done 

; Can't be indefinite if positive 
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181 mov bx,0C000H ; Match against upper 16 bits of fractior 

182 sub bx,word ptr fraction+6 j Compare bits 63-48 

183 or bx,word ptr fraction+4 . ; Bits 32-47 must be zero 

184 \ or bx,word ptr fraction+2 ; Bits 31-16 must be zero 

185 or bx,word ptr fraction ; Bits 15-0 must be zero 

186 jnz exit proc 
187 

188 mov al , INDEFINITE ; Set return value for indefinite value 

189 jmp exit proc 
190 

191 ; Allocate stack space for local variables and establish parameter 

192 ; addressibility. 
193 

194 not empty: 

195 

196 push es ; Save working register 

197 push bp 

198 mov bp,sp ; Establish stack addressibi 1 i ty 

199 sub sp, local size 
200 

201 mov cx,f ield_size ; Check for enough string space 

202 cmp cx,2 ~ 

203 jl small string 
204 

205 dec cx ; Adjust for sign character 

206 cmp cx,BCD DIGITS , ; See if string is too large for BCD 

207 jbe size_ok~ 
208 

209 mov cx ,BCD_J)IGITS ; Else set maximum string size 

210 

211 size ok: 

212 

213 cmp al, INFINITY ; Look for infinity 

214 jge found infinity ; Return status value for + or - inf. 

215 ~ 

216 cmp a 1 , NAN ; Look for NAN or INDEFINITE 

217 jge NAN or indefinite 

218 ; ~ ~ 

219 ; Set default return values and check that the number is normalized. 
220 

221 fabs ; yse positive value only 

222 ; sign bit in al has true sign of value 

223 mov dx,ax ; Save return value for later 

224 xor ax, ax ; Form 0 constant 

225 mov di ,denormal ptr ; Zero denormal count 

226 mov word ptr [di] ,ax 

227 mov bx,power_ptr ; Zero power of ten value 

228 mov word ptr"~[bx] ,ax 

229 cmp dl,ZERO ; Test for zero 

230 jae real zero ; Skip power code if value is zero 
231 

232 cmp dl, DENORMAL ; Look for a denormal value 

233 jae found denormal ; Handle it specially 

234 ~ 

235 fxtract ; Separate exponent from significand 

236 cmp dl ,UNNORMAL ; Test for unnormal value 

237 jb normal value 
238 

239 sub d 1 , UNNORMAL-NORMAL ; Return normal status with correct sign 

240 

241 ; Normalize the fraction, adjust the power of two in ST(1) and set 

242 ; the denormal count value. 
243 

244 ; Assert: 0 <= ST(0) < 1.0 

245 

246 fldl ; Load constant to normalize fraction 

247 

248 normalize fraction: 
249 

250 fadd st(l),st , ; Set integer bit in fraction 

251 fsub ; Form normalized fraction in ST(0) 

252 fxtract ; Power of two field will be negative 

253 ; of denormal count 

254 fxch ; Put denormal count in ST(0) 
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255 fist word ptr [di] ; Put negative, of denormal count in memory 

256 faddp st(2),st ; Form correct power of two in st(l) 

257 ; OK to use word ptr [di] now 

258 neg word ptr [di] ; Form positive denormal count 

259 jnz not psuedo zero 
260 

261 ; A psuedo zero will appear as an unnormal number. When attempting 

262 ; to normalize it, the resultant fraction field will be zero. Performing 

263 ; an fxtract on zero will yield a zero exponent value. 
264 

265 fxch ; Put power of two value in st(0) 

266 fistp word ptr [di] ; Set denormal count to power of two value 

267 ; Word ptr [di] is not used by convert 

268 ; integer, OK to leave running 

269 sub dl ,NORMAL-PSUEDO_ZERO ; Set return value saving the sign bit 

270 jmp i convert integer ~~ ; Put zero value into memory 
271 

272 ; The number is a real zero, set the return value and setup for 

273 ; conversion to BCD. 
274 

275 real zero: 
276 

277 sub dl , ZERO-NORMAL ; Convert status to normal value 

278 jmp convert integer ; Treat the zero as an integer 
279 

280 ; The number is a denormal. FXTRACT will not work correctly in this 

281 ; case. To correctly separate the exponent and fraction, add a fixed 

282 ; constant to the exponent to guarantee the result is not a denormal. 
283 

284 found denormal: 
285 

286 fldl ; Prepare to bump exponent 

287 fxch 

288 fprem ; Force denormal to smallest representable 

289 ; extended real format exponent 

290 fxtract ; This will work correctly now 
291 

292 ; The power of the original denormal value has been safely isolated. 

293 ; Check if the fraction value is an unnormial. 
294 

295 fxam ; See if the fraction is an unnormal 

296 fstsw status ; Save status for later 

297 fxch ; Put exponent in ST(0) 

298 fxch st(2) ; Put 1.0 into ST(0), exponent in ST(2) 

299 sub dl , DENORMAL-NORMAL ; Return normal status with correct sign 

300 test status, 4400H ; See if C3«C2=0 impling unnormal or NAN 

301 jz normalize fraction ; Jump if fraction is an unnormal 
302 

303 fstp st(0) ; Remove unnecessary 1.0 from st(0) 

304 

305 ; Calculate the decimal magnitude associated with this number to 

306 ; within one order. This error will always be inevitable due to 

307 ; rounding and lost precision. As a result, we will deliberately fail 

308 ; to consider the LOG10 of the fraction value in calculating the order. 

309 ; Since the fraction will always be 1 <* F < 2, its LOG10 will not change 

310 ; the basic accuracy of the function. To get the decimal order of magnitude 

311 ; simply multiply the power of two by LOG10(2) and truncate, the result to 

312 ; an integer. 
313 

314 normal^value: 

315 not psuedo zero: 
316 

317 fstp fraction ; Save the fraction field for later use 

318 fist power two ; Save power of two 

319 fldlg2 ~ ; Get LOG10(2) 

320 ; Power^two is now safe to use 

321 fmul ; Form LOG10 (of exponent of number) 

322 fistp power ten ; Any rounding mode will work here 
323 

324 ; Check if the magnitude of the number rules out treating it as 

325 ; an integer. 
326 

327 ; CX has the maximum number of decimal digits allowed. 
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328 ; 

329 fwait ; Wait for power _ten to Jbe valid 

330 mov ax,power_ten ; Get power of ten of value 

331 sub a?c,cx ~ s Form scaling factor necessary in ax 

332 ja adjust result ; Jump if number will not fit 
333 

334 ; The number is between 1 and 10** ( f ield_si ze) . 

335 ; Test if it is an integer. 
336 

337 fild power_two . ; Restore original number 

338 mov si,dx~ , ; Save return value 

339 sub dl , NORMAL-EXACT ; Convert to exact return value 

340 fid fraction 

341 fscale ; Form full value, this is safe here 

342 fst st(l) ; Copy value for compare 

343 frndint ; Test if, its an integer 

344 fcomp ; Compare values 

345 fstsw status ; Save status 

346 test status, 4000H ; C3=l implies it was an integer 

347 jnz convert integer 
348 

349 f st P st(0) ; Remove non integer value 

350 mov , dx,si ; Restore original return value 
351 

352 ; Scale the number to within the range allowed by the BCD format. 

353 ; The scaling operation should produce a number within one decimal order 

354 ; of magnitude of the largest decimal number representable within the 

355 ; given string width. 

356 

357 ; The scaling power of ten value is in ax. 

358 

359 adjust result: 
360 

361 mov word ptr [bx] ,ax ; Set initial power ot ten return value 

362 neg ax ; Subtract one for each order of 

363 ; magnitude the value is scaled by 

364 call getj3ower_J,0 ? Scaling factor is returned as exponent 

365 - — ^ fraction 

366 fid fraction ; Get fraction 

367 fmul ; Combine fractions 

368 mov si,cx ; Form power of ten of the maximum 

369 shl si,l ? BCD value to fit in the string 

370 shl si,l ; Index in si 

371 shl si,l 

372 fild power_two ; Combine powers of two 

373 faddp st(2)7st 

374 fscale ; Form full value, exponent was safe, 

375 fstip st(l) ; Remove exponent 

376 ; 

377 ; Test the adjusted value against a table of exact powers of ten. 

378 ; The combined errors of the magnitude estimate and power function can 

379 ; result in a value one order of magnitude too small or too large to fit 

380 ; correctly in the BCD field. To handle this problem, pretest the 

381 ; adjusted value, if it is too small or large, then adjust it by ten and 

382 ; adjust the power ot ten value. 
383 

384 testjpower: 
385 

386 fcom power^table [si ] +type powertable; Compare against exact power 

387 ~" ; entry. Use the next entry since cx 

388 ; has been decremented by one 

389 fstsw status ; No wait is necessary 

390 test status, 4100H ; If C3 = C0 = 0 then too big 

391 jnz test for small 
392 

393 fidiv constl0 ; Else adjust value 

394 and dl,not EXACT ? Remove exact flag 

395 inc word ptr [bx] ; Adjust power of ten value 

396 jmp short in range ; Convert the value to a BCD integer 

397 - 

398 test for smalls 

399 "~ 

400 fcom powe ratable [si] ; Test relative size 

401 fstsw status" ; No wait is necessary 

3-40 



AM 13 



402 test status, 100H ; If C0 ■ 0 then st(0) >* lower bound 

403 jz in range y ; Convert the value to a BCD integer 
404 

405 fimul constl0 ; Adjust value into range 

406 dec word ptr [bx] ; Adjust power of ten value 
407 

408 in range: 

409 

410 frndint ; Form integer value 

411 

412 ; Asserts 0 <« TOS <= 999,999,999,999,999,999 

413 ; The TOS number will be exactly representable in 18 digit BCD format. 
414 

415 convert integer: 

416 - 

417 fbstp bed value ; Store as BCD format number 
418 

419 ; While the store BCD runs, setup registers for the conversion to 

420 ; ASCII. 
421 

422 mov si,BCDJ3IZE-2 ; Initial BCD index value 

423 mov cx,0f07h ; Set stfift count and mask 

424 mov bx,l ; Set initial size of ASCII field for sig 

425 mov di , string jptr ; Get address of start of ASCII string 

426 mov ax,ds ; Copy ds to es 

427 mov es,ax 

428 eld ; Set autoincrement mode 

429 mov al,'+' ; Clear sign field 

430 test dl, MINUS ; Look for negative value 

431 jz positive result 
432 

433 mov al , • - ■ 

434 

435 positive result: 
4 36 ~ 

437 stosb ; Pump strinq pointer past sign 

438 and dl,not MINUS ; Turn off sign bit 

439 fwait ; Wait for fbstp to finish 
.440 

441 ; Register usage: 

442 ; ah: BCD byte value in use 

443 ; al: ASCII character value 

444 ; dx: Return value 

445 ; ch: BCD mask « 0fh x 

446 ; cl: BCD shift count * 4 

447 ; bx: ASCII string field width 

448 ; si: BCD field index 

449 ; di: ASCII string field pointer 

450 ; ds,es: ASCII string segment base 
4 51 

452 ; Remove leading zeroes from the number. 

453 , , , 

454 skip leading zeroes: 
455 

456 mov ah,bcd Jsyte [si] ; Get BCD byte 

457 mov al,ah ; Copy value 

458 shr al,cl ; Get high order digit 

459 and al,ch ; Set zero flag 

460 jnz enter odd ; Exit loop if leading non zero found 

461 , k 

462 mov al,ah ; Get BCD byte again 

463 and al,ch ; Get low order digit 

464 jnz enter even ; Exit loop if non zero digit found 
465 

466 dec si ; Decrement BCD index 

467 jns skip leading zeroes 

468 ~ 

469 ; The significand was all zeroes. 
470 

471 mov al, f 0' ; Set initial zero 

472 stosb ( , 

473 inc bx ; Bump string length 

474 jmp short exit^wi th_yalue 
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J" 



475 










476 


; Now expand the BCD string 


into digit per byte values 0-9. 


477 


r 








478 


digi t_Jloop: 








479 










480 


mov 


ah,bed^byte [si] 


? 


Get BCD byte 


481 


mov 


al ,ah * 






482 


shr 


al,cl 




Get high order digit 


483 










484 


enter odds 








485 










HOD 


add 


al,«0* * * 




Convert to ASCII 


487 


stosb 




} 


Put digit into ASCII string 


488 


mov 


al»ah 


f 


Get low order digit 


489 


and 


al f ch 






490 


inc 


bx 




Bump field size counter 


491 










492 


enter^evens, 








H y j 










494 


add 


al,*0' 


} 


Convert to ASCII 


495 


stosb 




r 


Put digit into ASCII area 


496 


inc 


bx 




Bump field size counter 


497 


dec 


si 


t 


Go to next BCD byte 


498 


jns 


digit^loop 






499 










500 


; Conversion complete. Set 


the string size and remainder. 


501 










502 


exit with value: 






503 










504 


mov 


di , size^ptr 






505 


mov 


word ptr~ fdi] ,bx 






506 


mov 


ax,dx 




Set return value 


507 


jmp 


exit jproc 






508 










509 


floating to ascii endp 






510 


code 


ends 






511 




end 







ASSEMBLY COMPLETE, HO ERRORS POUND 



LINE SOURCE 

1 $title(Calculate the value of 10**ax) 



2 

3 ; This subroutine will calculate the value of 10**ax. 

4 ; All 8086 registers are transparent and the value is returned on 

5 ; the TOS as two numbers, exponent in ST(1) and fraction in ST(0). 

6 ; The exponent value can be larger than the maximum representable 

7 ; exponent. Three stack entries are used. 

8 , ; y 

9 name get power_10 

10 public get^power" 10, power table 

11 

12 stack segment stack 'stack* 

13 dw 4 dup (?) ; Allocate space on the stack 



14 
15 
16 
17 
18 
19 
20 
21 
22 
23 



stack 



cgroup 
code 



s 



group code 

segment public 'code' 

assume cs regroup 



Use exact values from 1.0 to lel8. 
i even 

power table dq 1.0, lei, le2, le3 



Optimize 16 bit access 
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24 



dq Ie4,le5,le6,le7 



25 



dq Ie8 r le9,lel0,lell 



26 



aq 



Iel2,lel3,lel4, le!5 



27 



dq 



Iel6,lel7,lel8 



28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 



get jpower_10 

cmp 
ja 

push 

mov 

shl 

shl 

shl 

fid 

pop 

f xtract 
ret 



proc 
ax, 18 

out jDf_range 
bx 

bx,ax 
bx,l 
bx,l 
bx,l 

power t able [bx] 
bx 



Test for 0 <» ax < 19 



; Get working index register 
; Form table index 



; Get exact value 

; Restore register value 

; Separate power and fraction 

; OK to leave fxtract running 



Calculate the value using the exponentiate instruction. 
The following relations are used: 
10**x - 2**(log2(10)*x) 
2**(I+F) ■ 2**1 * 2**F 

if st(l) * I and st(0) - 2**F then fscale produces 2**(I+F) 



out jof — range: 



52 


fldl2t 




» 


TOS ■ LOG2(10) 


53 


push 


bp 


i 


Establish stack addressibility 


54 


mov 


bPrSp 






55 


push 


ax 


s 


Put power (P) in memory 


56 


push 


ax 


} 


Allocate space for status 


57 , 


f imul 


word ptr [bp-2] 


i 


TOS,X m LOG2(10)*P - LOG2(10**P) 


58 


f nstcw 


word ptr [bp-4] 


s 


Get current control word 


59 




; 


Control word is a static value 


60 


mov 


ax, word ptr [bp-4] 


; 


Get control word, no wait necessary 


61 


and 


ax, not 0C00H 




Mask off current rounding field 


62 


or 


ax,0400H 


; 


Set round to negative infinity 


63 


xchg 


ax, word ptr [bp-4] 


; 


Put new control word in memory 


64 






; 


old control word is in ax 


65 


fldl 




i 


Set TOS * -1.0 


66 


f chs 








67 


fid 


st(l) 


7 


Copy power value in base two 


68 


f ldcw 


word ptr [bp-4] 


t 


Set new control word value 


69 


frndint 


! 


TOS - I:.-inf < I <* X, I is an integer 


70 


mov 


word ptr [bp-4] ,ax 


? 


Restore original rounding control 


71 


f ldcw 


word ptr [bp-4] 
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72 


fxch 


st(2) 


; TOS * X, ST(1) * -1.0, ST(2) 


73 


pop 


ax 


; Remove original control word 


74 


f sub 


st, st (2) 


; TOS,F * X-I: 0 <= TOS < 1.0 


75 


pop 


ax 


; Restore power of ten 


76 


fscale 




; TOS * F/2: 0 <* TOS < 0.5 


77 


f2xml 




; TOS » 2**(F/2) - 1.0 


78 


pop 


bp 


; Restore stack 


79 


f subr 




; Form 2** (F/2) 


80 


fmul 


St, St (0) 


; Form 2**F 


81 


ret 




; OK to leave fmul running 


82 








83 


get j?ower_10 


endp 




84 


code 


ends 




85 




end 





ASSEMBLY COMPLETE, NO ERRQRS FOUND 



LINE SOURCE 

1 $title (Determine TOS register contents) 



2 

3 ; This subroutine will return a value from 0-15 in ax corresponding 

4 ; to the contents of 8087 TOS. All registers are transparent and no 

5 ; errors are possible. The return value corresponds to c3,c2,cl,c0 

6 ; of FXAM instruction. 
7 

8 name tosjstatus 

9 public tos~status 
10 

11 stack segment stack ''stack 1 

12 dw 3 dup (?) ; Allocate space on the, stack 



13 stack ends 
14 

15 cgroup group code 

16 code segment public 'code' 

17 assume cs:cgroup 

18 tos status proc 

19 < 

20 fxam ; Get register contents status 

21 push ax ; Allocate space for status value 

22 push bp ; Establish stack addressibility 

23 mov bp,sp 

24 fstsw word ptr fbp+2] ; Put tos status in memory 

25 pop bp ; Restore registers 

26 pop ax ; Get status value, no wait necessary 

27 mov al,ah ; Put bit 10-8 into bits 2-0 

28 and ax,4007h ; Mask out bits c3,c2,cl,c0 

29 shr ah,l ? Put bit c3 into bit 11 

30 shr ah,l 

31 shr ah,l 

32 or al,ah ; Put c3 into bit 3 

33 mov ah,0 ; Clear return value 

34 ret 
35 

36 tos_status endp 

37 code ends 

38 end 



ASSEMBLY COMPLETE, NO ERRORS FOUND 



3-44 



AP-113 



APPENDIX D 



OVERVIEW 

Appendix D shows a function for converting ASCII 
input strings into floating point values. The returned 
value can be used by PLM/86, PASCAL/86, FOR- 
TRAN/86, or ASM/86. The routine will accept a num- 
ber in ASCII of standard FORTRAN formats. Up to 18 
decimal digits are accepted and the conversion accuracy 
is the same as for converting in the other direction. 
Greater accuracy can also be achieved with similar 
tradeoffs, as mentioned earlier. 

Description of Operation 

Converting from ASCII to floating point is less complex 
numerically than going from floating point to ASCII. It 
consists of four basic steps: determine the size in deci- 
mal digits of the number, build a BCD value corre- 
sponding to the number string if the decimal point were 
at the far right, calculate the exponent value, and scale 
the BCD value. The first three steps are performed by 
the host software. The fourth step is mainly performed 
by numeric operations. 

The complexity in this function arises due to the flexible 
nature of the input values it will recognize. Most of the 



code simply determines the meaning of each character 
encountered. Two separate number inputs must be rec- 
ognized, mantissa and exponent values. Performing the 
numerics operations is very straightforward. 

The length of the number string is determined first to 
allow building a BCD number from low digits to high 
digits. This technique guarantees that an integer will be 
converted to its exact BCD integer equivalent. 

If the number is a floating point value, then the digit 
string can be scaled appropriately. If a decimal point oc- 
curs within the string, the scale factor must be decreased 
by one for each digit the decimal point is moved to the 
right. This factor must be added to any exponent value 
specified in the number. 

ACCURACY CONSIDERATIONS 

All the same considerations for converting floating 
point to ASCII apply to calculating the scaling factor. 
The accuracy of the scale factor determines the accuracy 
of ihe result. 

The exponents and fractions are again kept separate to 
prevent overflows or underflows during the scaling 
operations. 



LINE 

1 
2 
3 
4 
5 
6 
7 
8 

y 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 



SOURCE 

$title(ASCII to floating point conversion) 

Define the publicly known names. 

name asci i_to_f loating 
public ascii~to_f loating 
extrn get_poweF_10:near 

This function will convert an ASCII character string to a floating 
point representation. Character strings in integer or scientific form 
will be accepted. The allowed format is: 

[+,-] [digit(s)] [.] fdigit(s)] [E,e] [+,-] [digit (s)] 

Where a digit must have been encountered before the exponent 
indicator *E* or'e'. If a •+•, or was encountered, then at 

least one digit must exist before the optional exponent field. A value 
will always be returned in the 8087 stack. In case of invalid numbers, 
values like indefinite or infinity will be returned. 

The first character not fitting within the format will terminate the 
; conversion. The address of the terminating character will be returned 

; by this subroutine. 

The result will be left on the top of the NPX stack. This 
subroutine expects 3 free NPX stack registers. The sign of the result 
will correspond to any sign characters in the ASCII string. The rounding 
mode in effect at the time the subroutine was called will be used for 
the conversion from bose 10 to base 2. Up to 18 significant decimal 
digits may appear in the number. Leadirio zeroes, trailina zeroes, or 
exponent digits do not count towards the 18 digit maximum. Integers 
or exactly representable decimal numbers of 18 digits or less will be 
exactly converted. The technique used constructs a BCD number 
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representing the significant ASCII digits of the string with the decimal 
point removed. 

An attempt is made to exactly convert relatively small integers or 
small fractions, tor example the values: .06125, 123456789012345678, 
lel7, 1.23456e5, and 125e-3 will be exactly converted to floating point. 

The exponentiate instruction is used to scale the generated BCD vaslue 
to very large or very small numbers. The basic accuracy of this function 
determines the accuracy of this subroutine. For very large or very small 
numbers, the accuracy of this function is 2 units in the 16th decimal 
place or double precision. The range of decimal powers accepted is 
10**-4930 to 10**4930. 

The PLM/86 calling" format is: 

asci i_to_f loating: 

procedure (string^ptr ,endj?tr ,status_ptr) real external; 
declare (stringptr ,end_ptr ,status_ptr) pointer; 
declare end based endptr pointer; 
declare status based status ptr word; 
end; 

The status value has 6 possible states: 

0 A number was found. 

1 No number was found, return indefinite. 

2 Exponent was expected but none found, return indefinite. 

3 Too many digits were found, return indefinite. 

4 Exponent was too big, return a signed infinity. 

The following registers are used by this subroutine: 



bx 



dx 



si 



di 



Define constants. 



LOW EXPONENT 
HIGfi EXPONENT 
WORD~S IZE 
BCD SIZE 



equ 
equ 
equ 
equ 



-4930 

4930 

2 

10 



; Smallest allowed power of 10 
; Largest allowed power of 10 



Define the parameter layouts involved: 



bp_save 
returnjptr 
status jptr 
end j?tr 
string_ptr 

parms_size 



equ word ptr [bp] 

equ bpjsave + size bp_save 

equ returnjptr + size returnjptr 

equ statusjptr + size status~ptr 

equ end_j>t? + size end_ptr 



equ size statusjptr + size end_ptr + size stjringjotr 
Define the local variable data layouts 



power^ten 
bcd_form 

local, si ze 
; ~~ 



equ word ptr [bp- W0RDJ3IZE] ; power of ten value 

equ tbyte ptr power ten" - BCDJ5IZE; BCD representation 

equ size power jten + size bcd_form 



Define common expressions used 



bcdjbyte equ byte ptr bcd_form 

bcd~count equ (type (bed form)-l)*2 

bcd~sign equ byte ptr Bed form + 9 

bed ""sign bit equ 80H 



Define return values. 

NUMBER POUND equ 0 

NOJJUMBER equ 1 

NO_EXPONENT equ 2 

T00J1ANY DIGITS equ 3 

EXPONENTJTOO BIG equ 4 
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; Current byte in the BCD form 
; Number of digits in BCD form 
; Address of BCD sign byte 



; Number was found 

; No number was found 

; No exponent was found when expected 

; Too many digits were found 

; Exponent was too big 
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108 

109 ; Allocate stack space to insure enough exists at run time. 

110 

111 stack segment stack 'stack 1 

112 db (localjsize+4) dup (?) 



113 stack ends 
114 

115 cgroup group code 

116 code segment public •code 1 

117 assume cs:cgroup 
118 

119 ; Define some of the possible return values. 

120 

121 even ; Optimize 16 bit access 

122 indefinite dd 0FFC00000R ; Single precision real for indefinite 

123 infinity dd 07FF80000R ; Single precision real for +infinity 
124 

125 ascii to floating proc 
126 

127 fldz ; Prepare to zero BCD value 

128 push bp ; Save callers stack environment 

129 mov bp,sp ; Establish stack addressibility 

130 sub sp, local size ; Allocate space for local variables 
131 

132 ; Get any leading sign character to form initial BCD template. 

133 

134 mov si , str ingjptr ; Get starting address of the number 

135 xor dx,dx ; Set initial decimal digit count 

136 eld ; Set autoincrement mode 
137 

138 ; Register usage: 

139 

140 ; al: Current character value being examined 

141 ; cx: Digit count before the decimal point 

142 ; dx: Total digit count 

143 ; si: Pointer to character string 
144 

145 ; Look for an initial sign and skip it if found. 

146 

147 lodsb ; Get first character 

148 cmp al,*+' ; Look for a sign 
149^ jz scan leading digits 

150 ~ 

151 cmp al,'- 1 

152 jnz enter leading digits ; If not test current character 

153 "~ 

154 fchs ; Set TOS = -0 
155 

156 ; Count the number of digits appearing before an optional decimal point. 

157 

158 scan leading digits: 

159 

160 lodsb ; Get next character 

161 < 

162 enter leading digits: 

163 - - 

164 call test_digit ; Test for digit and bump counter 

165 jnc scan leading digits 

166 ~ 

167 ; Look for a possible decimal point and start fbstp operation. 

168 ; The fbstp zeroes out the BCD value and sets the correct sign. 
169 

170 fbstp bcd_form ; Set initial sign and value of BCD number 

171 mov cx,dx ; Save count of digits before decimal point 

172 cmp al, 1 .' 

173 jnz test for digits 

174 - - 

175 ; Count the number of digits appearing after the decimal point. 
176 

177 scan trailing digits: 
178 

179 lodsb * ; Look at next character 
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180 call testjjigit ; Test for digit and bump counter 

181 jnc scan"~trailing digits 
182 

183 ; There must be at least one digit counted at this point. 

184 

185 test for digits: 
186 

187 dec si j Put si back on terminating character 

188 or dx,dx ; Test digit count 

189 jz no> number found ; Jump if no digits were found 

190 ~ ~ 

191 push si ; Save pointer to terminator 

192 dec si * ,,■ ; Backup pointer to last digit 
193 

194 ; Check that the number will fit in the 18 digit BCD format. 

195 ; CX becomes the initial scaling factor to account for the implied 

196 ; decimal point. 

197 ; > 

198 sub cx,dx v ; For each digit to the right of the 

199 ; decimal point, subtract one from the 

200 ; initial scaling power 

201 neg dx ; Use negative digit count so the 

202 ; test digit routine can count dx up 

203 ; to zero 1 

204 crop dx,-bcd^count ; See if too many digits found 

205 jb test for unneeded digits 
•206 ; 

207 ; Setup initial register values for scanning the number right to left 

208 ; while building the BCD value in memory. 
209 

210 form bed value: 

211 # - - 

212 std ; Set autodecrement mode 

213 mov power^ten,cx ; Set initial power of ten 

214 xor di,di~ ; Clear BCD number index 

215 mov cl,4 ; Set digit shift count 

216 fwait ; Ensure BCD store is done 

217 jmp enter digit loop 

218 " ; / 

219 ; No digits were encountered before testing for the exponent. 

220 ; Restore the string pointer and return an indefinite value. 

221 ; 

222 no number found: 

223 ~ 

224 mov ax, NO NUMBER ; Set return status 

225 fid indefinite j Return an indefinite numeric value 

226 jmp exit 
227 

228 ; Test for a number of the form ???00000. 

229 

230 test terminating point: 

231 ~ ~ 

232 lodsb ; Get last character 

233 cmp , al,'.' ; Look for decimal point 

234 jz enter power zeroes ; Skip forward if found 

235 ■ " 

236 inc si ; Else bump pointer back 

237 jmp short enter power zeroes 

238 ; ~ 

239 ; Too many decimal digits encountered. Attempt to remove leading and 

240 ; trailing digits to bring the total into the bounds of the BCD format. 
241 

242 test for unneeded digits: 

243 ~ . 

244 std ; Set autodecrement mode 

245 or cx,cx ; See if any digits appeared to the 

246 ; right of the decimal point 

247 jz test terminating point ; Jump if none exist 

248 , "~ 

249 dec dx ; Adjust digit counter for loop 
250 

251 ; Scan backwards from the right skipping trailing zeroes. 

252 ; If the end of the number is encountered, dx»0, the string consists of 

253 ; all zeroes! An 
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254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 



skip_trailing_zeroes: 



inc dx 

jz look_for_exponent 
lodsb 

inc cx 

cmp al,'0' 

jz skip_trail ing_zeroes 

dec cx 

cmp al , 1 . 1 

jnz scan_leading_zeroes 

dec dx 



The string is of the form: 1111 A 
See if any zeroes exist to the left of the decimal point. 



; Bump digit count 

; Jump if string of zeroes found! 

; Get next character 

; Bump power value for each trailing 

; zero dropped 



; Adjust power counter from loop 

; Look for decimal point 

; Skip forward if none found 

; Adjust counter for the decimal point 



enter_power_zeroes: 
dec dx 
skip power_zeroes: 



inc 
jz 

lodsb 
inc 
cmp 
jz 

dec 



dx 

look_for_exponent 



cx 

al, '0' 

ski p_powe r_ze roes 
cx 



; Adjust digit counter for loop 



Bump digit count 



; Get next character 

; Bump power value for each trailing 

; zero dropped 



; Adjust power counter from loop 



Scan the leading digits from the left to see if they are zeroes, 
scan leading zeroes: 



lea 

eld 

mov 

lodsb 

cmp 

je 

cmp 
jne 



di,byte ptr [si+1] 
si ,str ing_ptr 
al, 

skip_leading_zeroes 
al,'-' 

enter leading zeroes 



; Save new end of number pointer 

; Set autoinc-rement mode 

; Set pointer to the start 

; Look for sign character 



Drop leading zeroes. None of them affect the power value in cx. 
We are guarenteed at least one non zero digit to terminate the loop. 



skip_leading_zeroes: 
lodsb 

enter leading zeroes: 



Get next character 



inc dx 
cmp al,'0' 
jz skip_leading_zeroes 

dec dx 
cmp al,'.* 
jnz test_digi t_count 

Number is of the form 000.???? 
Drop all leading zeroes with no effect on the power value. 



; Bump digit count 
; Look for a zero 



Adjust digit count from loop 
Look tor 000.??? form 



skip middle zeroes: 

T* ~* 

inc dx 
lodsb 
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; Remove the digit 
; Get next character 
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328 




cmp 


al, '0* 

skipjniddle^zeroes 








329 




jz 








330 












331 




dec 


dx 




i 


Adjust digit count from loop 


332 


; 










333 


; 


All s 


uperflous zeroes are 


removed. Check if all is well now. 


334 














335 


test 


digit count: 








336 














337 




cmp 


dx,-bcd count 








338 




jb 


too many digits found 






339 














340 




mov 


si ,di 




; 


Restore string pointer 


341 




jmp 


form Jbcd^yalue 








342 












343 


too_ 


manydigi ts 


found : 








344 














345 




fid 


indefinite 




; 


Set return numeric value 


346 




mov 


ax, TOO MANY DIGITS 






Set return flag 


347 




pop 


si 




* 


Get last address 


348 






exit 








349 


; 












350 


; 


Build 


BCD form of the decimal 


ASCII string from right to left with 


351 


; 


trailing zeroes and decimal 


point 


removed. Note that the only non 


352 


; 


digit possible is a decimal 


point 


which can be safely ignored. 


353 


; 


Test digit will correctly count 


dx back towards zero to terminate 


354 


; 


the BCD 


build function. 








355 


; 












356 


get- 


digi t^loop: 










357 














358 




lodsb 








Get next character 


359 




call 


test j3igit 






Check if digit and bump digit count 


360 




"jc 


getjfigi t_loop 




i 


Skip the decimal point if found 


361 














362 




shl 


al ,cl 




i 


Put digit into high nibble 


363 




or 


ah,al 




i 


Form BCD byte in ah 


364 




mov 


bed byte [di] ,ah 




i 


Put into BCD string 


365 




inc 


di ~ 




i 


Bump BCD pointer 


366 




or 


dx,dx 






Check if digit is available 


367 




jz 


look_for^exponent 






368 












369 


enter diqit loop: 








370 














371 




lodsb 








Get next character 


372 




call 


test digit 




i 


Check if diqit 


373 




jc 


entered igi t^loop 






Skip the decimal point 


374 










375 




mov 


ahval 




i 


Save digit 


376 




or 


dx,dx 




i 


Check if digit is available 


377 




jnz 


getjdigit^loop 






378 














379 




mov 


bcdj>yteldi] ,ah 




! 


Save last odd digit 


380 












381 




Look 


for an exponent indicator. 




382 














383 


look 


for exponent: 








384 














385 




pop 


si 






Restore string pointer 


386 




eld 






t 


Set autoincrement direction 


387 




mov 


di ,power_ten 




t 


Get current power of ten 


388 




lodsb 






i 


Get next character 


389 




cmp 


al, 'e* 




S 


Look for exponent indication 


390, 




je 


exponent^found 






391 














392 




cmp 


al, 'E' 








393 




jne 


convert 








394 












395 




An exponent is expected, 


get 


its numeric value. 


396 














397 


exponent 'found: 










398 














399 




lodsb 






? 


Get next character 


400 




xor 


di,di 






Clear power variable < 


401 




mov 


cx,di 






Clear exponent sign flag and digit 
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402 




cmp 


al, •+' 


; Test for positive sign 


403 




je 


s k i p_po we r _s i g n 




404 










405 




cmp 


al, 1 -' 


; Test for negative sign 


406 




jne 


enter^powe r_loop 




407 










408 




The 


exponent is negative. 




409 










410 




inc 


ch 


; Set exponent sign flag 


411 










412 


skip power sign: 




413 








414 


; 


Register usage: 




415 


; 








416 


; 




al: exponent character being examined 


417 


; 




bx: return value 




418 


; 




ch: exponent sign flag 0 positive, 1 negative 


419 


; 




cl: digit flag 


0 no digits found, 1 digits found 


420 


; 




dx: not usable since 


test_digit increments it 


421 


; 




si: string pointer 




422 


; 




di: binary value of 


exponent 


423 


; 








424 


; 


Scan off exponent digits until 


a non-digit is encountered. 


425 










426 


power 


_loop: 






427 










428 




lodsb 




; Get next character 


429 










430 


enter 


power loop: 




431 










432 




mov 


ah ,0 


; Clear ah since ax is added to later 


433 




call 


tested ig it 


; Test tor a digit 


434 




jc 


f o rm_powe r _va 1 ue 


; Exit loop if not 


435 










436 




mov 


cl, 1 


; Set power digit flag 


437 




sal 


di ,1 


; old*2 


438 




add 


ax,di 


; old*2+digit 


439 




sal 


di,l 


; old*4 


440 




sal 


di ,1 


; old*8 


441 




add 


di ,ax 


; old*10+digit 


442 




cmp 


di ,HIGH EXPONENT+bcd count; Check if exponent is too big 


443 




jna 


power_loop 




444 










445 




The 


exponent is too large. 




446 








447 


exponent verflow: 




448 










449 




mov 


ax, EXPONENT TOO BIG 


; Set return value 


450 




fid 


infinity 


; Return infinity 


451 




test 


bed sign, bed sign bit 


; Return correctly signed infinity 


452 




jz 


exit ~~ 


; Jump if not 


453 










454 




fens 




; Return -infinity 


455 




jmp 


short exit 


456 










457 




Nq exponent was found. 




458 










459 


no exponent found: 




460 










461 




dec 


si 


; Put si back on terminating character 


462 




mov 


ax,NO_EXPONENT 


; Set return value 


463 




fid 


indefinite 


; Set number to return 


464 




jmp 


short exit 




465 










466 




The 


string examination is complete. Form the correct power of ten. 


467 










468 


form_ 


power value: 




469 










470 




dec 


si 


; Backup string pointer to terminating 


471 








; character 


472 




rcr 


ch,l 


; Test exponent sign flag 


473 




jnc 


posi t ivejexponent 




474 










475 




neg 


di 


; Force exponent negative 
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476 

477 positive exponent: 
478 

479 rcr cl,l ; Test exponent digit flag 

480 jnc no exponent found ; If zero then no exponent digits were 

481 " ~" . . ; found 

482 add di, power ten ; Form the final power of ten value 

483 cmp di ,LOW ^EXPONENT ; Check if the value is in range 

484 js exponent overflow ; Jump if exponent is too small 
485 

486 cmp di , HIGH ^EXPONENT 

487 jg exponenF overflow 

488 ^ 

4fr9 inc si ; Adjust string pointer 

490 

491 ; Convert the base 10 number to base 2. 

492 ; Note: 10**exp * 2** (exp*log2 (10) ) 
493 

494 ; di has binary power of ten value to scale the BCD value with. 

495 

496 convert: 
497 

498 dec si ; Bump string pointer back to last character 

499 mov ax,di ; Set power of ten to calculate 

500 or ax, ax ; Test for positive or negative value 

501 js get negative power 

502 "~ « - ■ 

503 ; Scale the BCD value by a value >= 1. 
504 

505 call get^power 10 ; Get the adjustment power of ten 

506 fbld bcd~form ~* ; Get the digits to use 

507 fmul ; Form converged result 

508 jmp short done 
509 

510 ; Calculate a power of ten value > 1 then divide the BCD value with 

511 ; it. This technique is more exact than multiplying the BCD value by 

512 ; a fraction since no negative power of ten can be exactly represented 

513 ; in binary floating point. Using this technique will guarentee exact 

514 ; conversion of values like .5 and .0625. 
515 

516 get negative power: 
517 

518 neg ax ; Force positive power 

519 call get_power 10 ; Get the adjustment power of ten 

520 fbld bcd~form ' ; Get the digits to use 

521 fdivr "~" ; Divide fractions 

522 fxch ; Negate scale factor 

523 fphs 

524 fxch 
525 

526 ; All done, set return values. 

527 ; 

528 done: 
529 

530 fscale ; Update exponent of the result 

531 mov ax,NUMBER_FOUND ; Set return value 

532 fstp st(l) "~ ; Remove the scale factor 
533 

534 exit: 
535 

536 mov di, status ptr ; Set status of the conversion 

537 mov word ptr Tdi],ax 

538 mov di,end_ptr ? Set ending string address 

539 mov word ptr [di],si 

540 mov sp,bp ; Deallocate local storage area 

541 pop bp ; Restore caller's environment 

542 fwait ; Insure all loads from memory are done 

543 ret parms size 

544 ; 

545 ; Test if the character in al is an ASCII digit. 

546 ; If so then convert to binary, bump cx, and clear the carry flag. 

547 ; Else leave as is and set the carry flag. 
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548 


; 






549 


tested ig it: 




550 


~" cmp 


al r '9' 


551 




ja 


notjHgit 


552 








553 




cmp 


al,'0' 


554 




jb 


not_digit 


555 








556 


; 


Character is a digit. 


557 


§ 






558 




inc 


dx 


559 




sub 


al, 'B* 


560 




ret 




561 








562 




Character is not a digit. 


563 








564 


not digit: 




565 




stc 




566 




ret 




567 








568 


asci i 


to floating endp 


569 


code 




ends 


570 






end 



; See if a digit 



; Bump digit count 

; Convert to binary and clear carry flag 



; Leave as is and set the carry flag 



ASSEMBLY COMPLETE, NO ERRORS FOUND 



APPENDIX E 



OVERVIEW 

Appendix E contains three trigonometric functions for 
sine, cosine, and tangent. All accept a valid angle argu- 
ment between - 2 62 and + 2 62 . They may be called from 
PLM/86, PASCAL/86, FORTRAN/86 or ASM/86 
functions. 

They use the partial tangent instruction together with 
trigonometric identities to calculate the result. They are 
accurate to within 16 units of the low 4 bits of an ex- 
tended precision value. The functions are coded for 
speed and small size, with tradeoffs available for greater 
accuracy. 

FPTAN and FPREM 

These trigonometric functions use the FPTAN instruc- 
tion of the NPX. FPTAN requires that the angle argu- 
ment be between 0 and PI/4 radians, 0 to 45 degrees. 
The FPREM instruction is used to reduce the argument 
down to this range. The low three quotient bits set by 
FPREM identify which octant the original angle was in. 

One FPREM instruction iteration can reduce angles of 
10 18 radians or less in magnitude to PI/4! Larger values 
can be reduced, but the meaning of the result is ques- 
tionable since any errors in the least significant bits of 
that value represent changes of 45 degrees or more in the 
reduced angle. 

Cosine Uses Sine Code 

To save code space, the cosine function uses most of the 
sine function code. .The relation sin (|A|+PI/2) = 
cos(A) is used to convert the cosine argument into a sine 



argument. Adding PI/2 to the angle is performed by 
adding 010 2 to the FPREM quotient bits identifying the 
argument's octant. 

It would be very inaccurate to add PI/2 to the cosine 
argument if it was very much different from PI/2. 

Depending on which octant the argument falls in, a dif- 
ferent relation will be used in the sine and tangent func- 
tions. The program listings show which relations are 
used. 

For the tangent function, the ratio produced by FPTAN 
will be directly evaluated. The sine function will use 
either a sine or cosine relation depending on which oc- 
tant the angle fell into. On exit these functions will nor- 
mally leave a divide instruction in progress to maintain 
concurrency. 

If the input angles are of a restricted range, such as from 
0 to 45 degrees, then considerable optimization is pos- 
sible since full angle reduction and octant identification 
is not necessary. 

All three functions begin by looking at the value given 
to them. Not a number (NAN), infinity, or empty regis- 
ters must be specially treated. Unnormals need to be 
converted to normal values before the FPTAN instruc- 
tion will work correctly. Denormals will be converted to 
very small unnormals which do work correctly for the 
FPTAN instruction. The sign of the angle is saved to 
control the sign of the result. 

Within the functions, close attention was paid to main- 
tain concurrent execution of the 8087 and host. The 
concurrent execution will effectively hide the execution 
time of the decision logic used in the program. 
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LINE 


SOURCE 






1 


$title(8087 Trignometric Functions) 


2 
3 




public 


sine , cosine , tangent 


4 




name 


trig^f unctions 


5 

6 +1 


$include ( : f 1 :8087.anc) 




7 
8 


; Define 8087 word packing in the environment area. 


9 
10 


f 

cw 87 


record 


res871 s 3 r inf ini ty control : 1# rounding control:2 f 


11 


& """" 




precision control : 2, error enable.ly res872:l f 


12 


& 




precision~"mask : 1 , underflow mask :1 , overflow mask:l. 


13 


& 




zero divide mask : 1 ,denormaT mask:l, invalid jmask:l 


14 








15 


sw 87 


record 


busy : 1 , cond 3 : 1 , t op : 3 , cond 2 : 1 , cond 1 : 1 , cond0 : 1 , 


16 


& 




er ror pend i ng : 1 , res873 : 1 , pr eci si on er ror • 1 r 


17 


& 




underflow error : 1 ,overf low error:lTzero divide error: 


18 


$ 




denormal error : 1 , invalid error:l 


19 








20 


t-w ft 7 


c 


w- ort 7 ¥ ikft • 0 r art (\ fan* 7 r on ^ f* an • 9 rpn4 fan • ? . 


21 






reg3~"tag: 2, reg2~~tag: 2, regl tag: 2, reg0~~tag: 2 


22 








23 


lowjLp_87 


record 


low_ip: 16 


24 








25 
26 


high_i pjap^87 


record 


hi_ip:4,res874:l,opcode_87:ll 


27 


low_opjB7 


record 


low^op: 16 


28 








29 


highjap_87 


record 


hi_op:4,res875:12 


30 








31 


environment_87 


struc 


; 8087 environemnt layout 


32 


env87_cw ~" 


dw 


? 


33 


env87_sw 


dw 


? 


34 


env87~tw 


dw 


? 


35 


env87~"low ip 


dw 


? 


36 


env872hip~op 


dw 


? 


37 


env87 low~op 


dw 


? 


38 


env87Hhop 


dw 


? 


39 


environment JJ7 


ends 




40 








41 


; Define 8087 related constants. 


42 








43 


TOP_VALUE_INC 


equ 


sw_87 <0,0,1,0,0,0,0,0,0,0,0,0,0,0> 


44 








45 


VALID TAG 


equ 


0 ; Tag register values 


46 


ZERO TAG 


equ 


1 


47 


SPECFAL TAG 


equ 


2 


48 


EMPTY TAG 


equ 


3 


49 


REGISTERJ1ASK 


equ 


7 


50 






51 








52 


; Define local 


variable areas. 


53 


; 






54 

55 


stack 


segment 


stack 'stack' 


56 


local^area 


struc 




57 


swl ~* 


dw 


? ; 8087 status value 


58 


local^area 


ends 




59 








60 




db 


size local_area+4 ; Allocate stack space 


61 


stack 


ends 




62 








63 


code 


segment 


public 'code' 


64 




assume 


cs: code , ss: stack 


65 


; 






66 


; Define local 


constants. 


67 


s 






68 


status 


equ 


[bp] .swl ; 8087 status value location 


69 






70 




even 




71 








72 


pi^uarter 


dt 


3FFEC90FDAA22168C235R ; PI/4 
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indefinite 



dd 



0FFC00000R 



; Indefinite special value 



This subroutine calculates the sine or cosine of the angle, given in 
radians. The angle is in ST(0) , the returned value will be in ST(0). 
The result is accurate to within 7 units of the least significant three 
bits of the NPX extended real format. The PLM/86 definition is: 

sine: procedure (angle) real external; 
declare angle real; 
end sine; 

cosine: procedure (angle) real external; 
declare angle real; 
end cosine; 

Three stack registers are required. The result of the function is 
defined as follows for the following arguments: 



angle 



result 



valid or unnormal less than 2**62 in magnitude correct value 



zero 

denormal 

valid or unnormal greater than 2**62 

infinity 

NAN 

empty 



or 1 

correct denormal 

indefinite 

indefinite 

NAN 

empty 



This function is based on the NPX fptan instruction. The fptan 
instruction will only work with an angle of from 0 to RI/4. With this 
instruction, the sine or cosine of angles from 0 to PI/4 can be accurately 
calculated. The technique used by this routine can calculate a general 
sine or cosine by using one of four possible operations: 



Let 



R * jangle mod PI/41 

S « -1 or 1, according to the sign of the angle 



1) sin(R) 



2) cos(R) 



3) sin(Pl/4-R) 4) cos(PI/4-R) 



114 






The choice of the relation and 


the sign of the result follows the 


115 






decision table shown below based 


on the octant the angle falls in: 


116 








117 






octant sine 


cosine 


118 










119 






0 S*l 


2 


120 






1 S*4 


3 


121 






2 S*2 


-1*1 


122 






3 S*3 


-1*4 


123 






4 -S*l 


-1*2 


124 






5 -S*4 


-1*3 


125 






6 -S*2 


1 


126 






7 -S*3 


4 


127 










128 










129 










130 






Angle to sine function is a zero or unnormal. 


131 










132 


sine 


jeero^urinormal : 




133 










134 






fstp st(l) 


; Remove PI/4 


135 






jnz enter jsine_normalize 


; Jump if angle is unnormal 


136 








137 


§ 


Angle is a zero. 





pop 
ret 



bp 



Return the zero as the result 



; Angle is an unnormal. 

enter sine normalize: 
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.46 call normali ze^value 

147 jmp short enter sine 

148 ~ 

149 cosine proc s Entry point to cosine 
150 

151 fxam ; Look at the value 

152 push bp ; Establish stack addressibil ity 

153 sub sp,size local_area ' ; Allocate stack space for status 

154 mov bp,sp ~ 

155 fstsw status ; Store status value 

156 fid pi_quarter ; Setup for angle reduce 

157 mov cl7l Siqnal cosine function 

158 pop ax ; Get status value 

159 lahf ; ZF ■ C3, PP * C2, CF » C0 

160 jc f unny_parameter ; Jump if parameter is 

161 ; empty, NAN, or infinity 
162 

163 ; Angle is unnormal, normal, zero, denormal. 
164 

165 fxch ; st(0) ■ angle, st(l) » PI/4 

166 jpe enter sine ; Jump if normal or denormal 

167 ; 

168 ; Angle is an unnormal or zero. 
169 

170 fstp st(l) ; Remove PI/4 

171 jnz enter sine normalize 
172 

173 ; Angle is a zero. cos(0) * 1.0 

174 ; 

175 fstp st(0) ; Remove 0 

176 pop bp ; Restore stack 

177 fldl ; Return 1 

178 ret 

179 ; 

180 ; All work is done as a sine function. By adding PI/2 to the angle 

181 ; a cosine is converted to a sine. Of course the angle addition is not 

182 ; done to the argument but rather to the program logic control values. 
183 

184 sine: ; Entry point for sine function 

185 

186 fxam ; Look at the parameter 

187 push bp ; Establish stack addressibil ity 

188 sub sp,size local^area ; Allocate local space 

189 mov bp,sp "~ 

190 fstsw status ; Look at fxam status 

191 fid pijquarter ; Get PI/4 value 

192 pop ax" ; Get fxam status 

193 lahf ; CF ■ C0, PF - C2, ZF ■ C3 

194 jc funny parameter ; Jump if empty, NAN, or infinity 

195 ; 

196 ; Angle is unnormal, normal, zero, or denormal. 
197 

198 fxch ; ST(1) « PI/4, st(0) angle 

199 mov cl,0 ; Signal sine 

200 jpo sine zero unnormal ; Jump if zero or unnormal 
201 

202 ; ST(0) is either a normal or denormal value. Both will work. 

203 ; Use the fprem instruction to accurately reduce the range of the given 

204 ; angle to within 0 and PI/4 in magnitude. If fprem cannot reduce the 

205 ; angle in one shot, the angle is too big to be meaningful, > 2**62 

206 ; radians. Any roundoff error in the calculation of the angle given 

207 ; could completely change the result of this function. It is safest to 

208 ; call this very rare case an error. 
209 

210 enter sine: 
211 

212 * fprem ; Reduce angle 

213 ; Note that fprem will force a 

214 ; denormal to a very small unnormal 

215 ; Fptan of a very small unnormal 

216 ; will be the same very small 

217 ; unnormal, which is correct. 

218 mov sp,bp ; Allocate stack space for status 

219 fstsw status ; Check if reduction was complete 
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220 ; Quotient in C0,C3,C1 

221 pop bx ; Get fprem status 

222 test bh,high(mask cond2) ; sin (2*N*PI+x) = sin(x) 

223 jnz anqle too big 

224 - - - 

225 ; Set sign flags and test for which eighth of the revolution the 

226 ; angle fell into. 

227 ; 

228 ; Assert: -PI/4 < st(0) < PI/4 
229 

230 fabs ; Force the argument positive 

231 ; condl bit in bx holds the sign 

232 or cl,cl ; Test for sine or cosine function 

233 jz sine select ; Jump if sine function 

234 ~ 

235 ; This is a cosine function. Ignore the original sign of the angle 

236 ; and add a quarter revolution to the octant id from the fprem instruction. 

237 ; cos (A) « sin(A+PI/2) and cos(|A|) « cos (A) 
238 

239 and ah, not high (mask condl) ; Turn off sign of argument 

240 or bh,high(mask busy) ; Prepare to add 010 to C0,C3,C1 

241 ; status value in ax 

242 ; Set busy bit so carry out from 

243 add bh,high(mask cond3) ; C3 will go into the carry flag 

244 mov al,0 ; Extract carry flag 

245 rcl al,l ; Put carry flag in low bit 

246 xor bh,al ; Add carry to C0 not changing 

247 ; CI flag 
248 

249 ; See if the argument should be reversed, depending on the octant in 

250 ; which the argument fell during fprem. 
251 

252 sine select: 
253 

254 test bh, high (mask condl) ; Reverse angle if CI = 1 

255 jz no sine reverse 

256 ; ~ 

257 ; Angle was in octants 1,3,5,7. 
258 

259 fsub ; Invert sense of rotation 

260 jmp short do sine fptan ; 0 < arg <= PI/4 
261 

262 ; Angle was in octants 0,2,4,6. 

263 ; Test for a zero argument since fptan will not work if st(0) ■ 0 
264 

265 no sine reverse: 

266 " 

267 ftst ; Test for zero angle 

268 v mov sp,bp ; Allocate stack space 

269 fstsw status ; cond3 * 1 if st(0) « 0 

270 fstp st(l) ; Remove PI/4 

271 pop cx ; Get ftst status 

272 test ch,high(mask cond3) ; If C3*l, argument is zero 

273 jnz sine argument zero 

274 ; ~ 

275 ; Assert: 0 < st(0) <» PI/4 
276 

277 do sine fptan: 
278 

279 fptan ; TAN ST(0) * ST(1)/ST(0) « Y/X 

280 

281 after sine fptan: 
282 

283 pop bp ; Restore stack 

2?4 test bh,high(mask cond3 + mask condl); Look at octant angle fell into 

285 jpo X numerator ; Calculate cosine for octants 

286 ~ ; 1,2,5,6 
287 

288 ; Calculate the sine of the argument. 

289 ; sin(A) tan (A) /sqrt (1+tan (A) **2) if tan(A) * Y/X then 

290 ; sin (A) ■ Y/sqrt(X*X + Y*Y) 
291 

292 fid st(l) ; Copy Y value 

293 jmp short finish^sine ; Put Y value in numerator 
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7 



294 










295 




The 


top of the stack is either NAN , infinity, or empty. 


296 










297 


f unny parameter : 




298 










299 




fstp 


st(0) 


Remove PI/4 


300 




jz 


return_empty ; 


Return empty if no parm 


ivx 










302 




jpo 


return_NAN ; 


Jump if st(0) is NAN 


iv5 


i 








304 


} 


st (0 


) is infinity. Return an indefinite value. 


jW j 


; 








JlOD 




f prem 




ST(1) can be anything 


J v I 










308 


return 


NAN: 






309 


returnjsmpty: 






310 








311 




pop 


bp 


Restore stack 


312 




ret 


i 


Ok to leave fprem running 


313 










314 




Simulate fptan with st(0) = 0 




315 










316 


sine argument 


zero: 




in 








318 




fldl 


i 


Simulate tan(0) 


319 




jmp 


after _sine_fptan ; 


Return the zero value 


320 








321 




The 


angle was too large. Remove the modulus and dividend from the 


322 




stack 


and return an indefinite result. 




323 










324 


angle too big: 






325 










326 




fcompp 




Pop two values from the stack 


"J 01 
Oct 




fid 


indefinite ; 


Return indefinite 


J<£0 




pop 


bp ; 


Restore stack 


329 




fwait 




Wait for load to finish 






ret 






331 










332 




Calculate the cosine of the argument. 








cos (A) 


* l/sqrt(l+tan(A)**2) if tan(A) 


* Y/X then 


334 




cos (A) 


* X/sqrt(X*X + Y*Y) 














JJD 


X numerator: 






337 










338 




fid 


st(0) 


Copy X value 


339 




f xch 


st(2) 


Put X in numerator 


340 










341 


finish 


sine: 






342 








343 




fmul 


st,st(0) ; 


Form X*X + Y*Y 


344 




fxch 




345 




fmul 


st, st (0) 




346 




fadd 


! 


st(0) * X*X + Y*Y 


347 




fsqrt 




st(0) » sqrt(X*X + Y*Y) 












349 










350 




Form 


the sign of the result. The two conditions are the CI flag from 


351 




FXAM in bh and the C0 flag from fprem in 


ah. 


352 










353 




and 


bh f high (mask cond0) ; 


Look at the fprem C0 flag 


354 




and 


ah,high(mask condl) ; 


Look at the fxam CI, flag 


355 




or 


bh,ah ; 


Even number of flags cancel 


356 




jpe 


positive^sine ; 


Two negatives make a positive 


357 










358 




fchs 


; 


Force result negative 


359 








360 


positive sine: 






361 










362 




fdiv 


; 


Form final result 


363 




ret 




Ok to leave fdiv running 


364 








365 


cosine 


endp 






366 
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367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 



This function will calculate the tangent of an angle. 
The angle, in radians is passed in ST(0), the tangent is returned 
in ST(0). The tangent is calculated to an accuracy of 4 units in the 
least three significant bits of an extended real format number. The 
PLM/86 calling format is: 

tangent: procedure (angle) real external; 
declare angle real; 
end tangent; 

Two stack registers are used. The result of the tangent function is 
defined for the following cases: 



angle 

valid or unnormal < 2**62 in magnitude 
0 

denormal 

valid or unnormal > 2**62 in magnitude 
NAN 

infinity 
empty 



result 

correct value 
0 

correct denormal 

indefinite 

NAN 

indefinite 
empty 



The tangent instruction uses the fptan instruction. Four possible 
relations are used: 

Let R « I angle MOD PI/4 1 

S ■ -1 or 1 depending on the sign of the angle > 



1) tan(R) 



2) tan(PI/4-R) 3) l/tan(R) 



4) l/tan(PI/4-R) 



The following table is used to decide which relation to use depending 
on in which octant the angle fell. 



octant 



tangent proc 

f xam 
push 
sub 
mov 
f stsw 
fid 
Pop 
lahf 
jc 



relation 

S*l 

S*4 
-S*3 
-S*2 

S*l 

S*4 
-S*3 
-S*2 



bp 

sp,size local area 

bp,sp 

status 

pi^quarter 

ax~ 



Look at the parameter 
Establish stack addressibility 
Allocate local variable space 

Get fxam status 
Get PI/4 



CF 



C0, PF ■ C2, 2F = C3 



funnyj?arameter 
Angle is unnormal, normal, zero, or denormal. 



fxch 
jpe 



tan zero unnormal 



st(0) * angle, st(l) ■ PI/4 



Angle is either an normal or denormal. 
Reduce the angle to the range -PI/4 < result < PI/4. 

If fprem cannot perform this operation in one try, the magnitude of the 
angle must be > 2**62. Such an angle is so large that any rounding 
errors could make a very large difference in the reduced angle. 
It is safest to call this very rare case an error. 



tan__normal : 

fprem 



; Quotient in C0,C3,C1 

; Convert denormals into unnormals 
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441 




mov 


sp,bp 


Allocate stack spce 


442 




* fstsw 


status ; 


Quotient identifies octant 


443 








original angle fell into 


444 




pop 


bx 


tan(PI*N+x) * tan(x) 


445 




test 


bh,high(mask cond2) ; 


Test for complete reduction 


446 




jnz 


angle jtoo big ; 


Exit if angle was too big 


447 


; 








448 


; 


See if the anqle must be reversed. 




449 


; 








450 


; 


Assert: 


-PI/4 < st(0) < PI/4 


• 


451 


; 








452 




fabs 




0 <* st(0) < PI/4 


453 








CI in bx has the sign flag 


454 




test 


bh, high (mask condl) ; 


must be reversed 


455 




jz 


no _t an ^reverse 




456 


; 






457 


; 


Angle 


fell in octants 1,3,5,7. Reverse 


it, subtract it from PI/4. 


458 


; 






459 




f sub 




Reverse angle 


460 




jmp 


short do^tangent 




461 


; 






462 


! 


Angle 


is either zero or an unnormal. 




463 


$ 






464 


tan 


zero unnormal: 




465 










466 




fstp 


st(l) 


Remove PI/4 


467 




jz 


tan_angle__zero 




468 


; 








469 


i 


Angle 


is an unnormal. 




470 


i 






471 




call 


normalize value 




472 




jmp 


tanjiormar 




473 








474 


tan 


_angle_zero: 






475 










476 




pop 


bp 


Restore stack 


477 




ret 






478 


i 








479 


i 


Angle 


fell in octants 0,2,4,6. Test for st(0) * 0, fptan won't work 


480 


; 








481 




tanreverse: 






482 










483 




ftst 


? 


Test for zero angle 


484 




mov 


sp,bp 


Allocate stack space 


485 




fstsw 


status ; 


C3 * 1 if st(0) ■ 0 


486 




fstp 


st(l) 


Remove PI/4 


487 




pop 


cx 


Get ftst status 


488 




test 


ch,high(mask cond3) 




489 




jnz 


tan _ zero 




490 








491 




tangent : 






492 










493 




fptan 




tan ST(0) ■ < ST(1)/ST(0) 


494 








495 


after tangent: 






496 










497 




Decide on the order of the operands and 


their sign for the divide 


498 




operation while the fptan instruction is 


wo rk i ng • 


499 


; 






500 




Pop 


bp 


Restore stack 


501 




mov 


al,bh ; 


Get a copy of fprem C3 flag 


502 




and 


ax, mask condl + high (mask cond3); 


Examine fprem C3 flag and 


503 






# 


fxtract CI flag 


504 




test 


bh,high(mask condl + mask cond3); 


Use reverse divide if in 


505 








octants 1,2,5,6 


506 




jpo 


reverse^_di vide ; 


Note! parity works on low 


507 








8 bits only! 


508 


f 






509 


; 


Angle 


was in octants 0,3,4,7. 




510 


; 


Test for the sign of the result. Two negatives cancel. 


511 


; 








512 




or , 


al,ah 




513 




jpe 


posi tiye_divide 
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514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 



fchs 

positivejdivide: 

fdiv 
ret 



tan zero: 



fldl 



after tangent 



; Force result negative 



; Form result 

; Ok to leave fdiv running 



; Force 1/0 « tan (PI/2) 



Angle was in octants 1,2,5,6. 
Set the correct sign of the result. 



reverse divide: 



or 
jpe 



al ,ah 

posit ive^r jdivide 



fchs 

positive_r_divide: 

fdivr 
ret 



; Force result negative 



; Form reciprocal of result 
j Ok to leave fdiv running 



tangent endp 
; 

; This function will normalize the value in st(0). 

; Then PI/4 is placed into st(l). 



no rma 1 i ze^ya 1 ue s 

f abs 
f xtract 
fldl 
fadd 
f sub 
f scale 
fstp 
fid 
fxch 
ret 



st (1) ,st 



st(l) 

pi quarter 



; Force value positive 

; 0 <= st(0) < 1 

; Get normalize bit 

; Normalize fraction 

; Restore original value 

; Form original normalized value 

; Remove scale factor 

; Get PI/4 



code 



ends 
end 



ASSEMBLY COMPLETE, NO ERRORS FOUND 
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I. INTRODUCTION 

This application note describes the design of a disk con- 
troller for a Shugart SA4008 Winchester disk drive. An 
8089 I/O processor is used to offload many of the disk 
control overhead tasks from the host processor. The in- 
telligent controller maximizes system throughput by 
performing the disk control tasks concurrently with 
data processing by the host processor. The features of 
the 8089 I/O processor which make it ideal for disk con- 
trol applications are also described. 

As newer microprocessors provide more throughput 
and address more memory, larger and more complex 
microprocessor based applications are designed. Many 
of these applications require high performance and high 
capacity mass storage devices such as hard disk drives. 
Winchester-technology (filtered air system and non- 
removable platters) disk drives are cost and perfor- 
mance compatible with high performance micro- 
processors. These drives provide more performance and 
reliability than floppy disk drives yet are less expensive 
than removable platter disk drives of comparable per- 
formance. 

For applications requiring high performance disk 
drives, a major task of the system designer is the design 
of the disk controller— the interface between the high 
performance processor and disk drive. The conven- 
tional approach (Fig. 1) is to develop specialized control 



circuitry which interfaces the disk drive to the host 
processor's system bus. The host has complete control 
over the disk drive and executes a separate command se- 
quence for each function— such as seek, format or read 
data. The host is assisted by a DMA (direct memory 
access) controller which performs the high speed trans- 
fers of read or write data between the drive interface 
and the system memory. Any error processing, such as 
CRC (cyclic redundancy check) error checking and in- 
itiating retries, is also performed by the host processor. 
A major disadvantage of this approach is that a large 
portion of the host's time and bus bandwidth is con- 
sumed by disk control overhead (command execution, 
interrupt servicing, and error processing) leaving little 
time for data processing. 

A better approach is to partition the system functions 
and implement an intelligent disk controller which 
would perform the overhead tasks and free more host 
processor time for data processing. This intelligent con- 
troller would be able to accept a single high level com- 
mand and perform multiple functions such as seek, read 
data, and process errors. Here the host has more time 
for data processing since it generates one high level com- 
mand rather than several simple commands. It also ser- 
vices only one interrupt at the completion of the high 
level command rather than several. 

The system configuration of an intelligent disk con- 
troller based on the Intel 8089 I/O processor is shown in 



HOST 
PROCESSOR 



C=4 



SYSTEM 
MEMORY 



£3 



DISK CONTROLLER 

I 1 



PARALLEL 
I/O 



V 



i i 



DMA 
CONTROLLER 



CONTROL 





1 ■ 


SERIAL/ 




PARALLEL 


1 


CONVERTER 






-I— 



Figure 1. Conventional Disk Controller System Configuration 
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Figure 2 where it is used in conjunction with an 8086 
CPU as the host processor. This type of system con- 
figuration is called the iAPX 86/11 since it contains an 
8086 and an 8089. The 8089 I/O processor is ideal for 
implementing an intelligent controller since it provides 
processing capabilities well suited for controlling a disk 
drive and high speed DMA transfers for moving data to 
and from the disk drive. The 8089 also supports a 
private local bus which provides access to the drive con- 
trol circuitry, program memory, and local data buffers. 
This minimizes access to the shared system bus and 
hence increases overall system throughput. It will be 
seen later that local data buffering allows: 

— high speed burst transfers without overrun and 
underrun errors 

— disk controller operation at lower system bus priority 
than the host to maximize host processing 

— error detection and retries directly by the disk con- 
troller without host intervention 

The 8089-based disk controller maximizes system 
throughput. The disk control overhead tasks are off- 
loaded from the host and performed by the 8089. This 
frees host processor time for data processing and other 
control processing. Host processor performance is 
reduced when both the host and 8089 try to access the 
system bus at the same time. These system bus conflicts 
can only occur when the 8089 accesses the system 
bus — during the accessing of memory-based com- 
munication blocks (used for transferring command and 



status information) and during sector data transfers be- 
tween the system memory buffer and the 8089* s local 
data buffer. For a single drive, this can mean host proc- 
essor performance degradation of no more than 3%. 
With the conventional approach of Figure 1, the degra- 
dation can approach 10% due to CPU overhead time to 
control the disk operation and system bus time used by 
the DMA controller. Thus the 8089-based controller 
allows significantly more processing by the host, espe- 
cially when multiple drives are supported. 

This application note describes how basic disk control 
functions are implemented with an 8089. Therefore, the 
design described here does not exhibit all features pos- 
sible in an intelligent controller. However, the hardware 
design allows the software to be easily enhanced to pro- 
vide extra features. A later section addresses software 
enhancements. 

The application note begins with an overview of the 
8089 I/O processor followed by a brief description of 
the SA4008 drive. Next a discussion of the implemented 
functions is provided. A detailed description of the 
hardware and software design is then presented. Finally, 
a discussion of possible enhancements concludes the 
note. 

Additional information related to topics discussed in 
this application note can be found in the following Intel 
documents: 

The 8086 Family User's Manual 



8086 

HOST 
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A K 



SYSTEM 
BUS 
INTERFACE 
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LOCAL 
MEMORY 
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MEMORY 



0 



DISK CONTROLLER 



I/O 

PROCESSOR 
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tV 



SYSTEM 
BUS 
INTERFACE 



— V 



LOCAL 
BUS 
INTERFACE 



L 



LOCAL 
MEMORY 



vrv 



L \rV 
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I/O 



A- 

Jvt 



SERIAL/ 
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„ WRITE 
DATA 



READ 
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I 



Figure 2. Intelligent Disk Controller System Configuration (iAPX 86/11) 
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Intel Multibus Specification 

iSBC 86/12A Hardware Reference Manual 

iSBC 604/614 Cardcage Hardware Reference Manual 

ICE-86 In-Circuit Emulator Operating Instructions for 
ISIS-II Users 

RBF-89 Real-Time Breakpoint Facility Operating In- 
structions for ICE-86 In-Circuit Emulator Users 

8089 Macro Assembler User's Guide 

In addition, the following documents from Shugart 
Associates provides detailed information on the disk 
drive: 

SA4000 Fixed Disk Drive OEM Manual 
SA4000 Fixed Disk Drive Service Manual 



II. INTEL® 8089 I/O PROCESSOR 

This section briefly describes the 8089 I/O processor's 
features and modes of operation. A more detailed dis- 
cussion can be found in The 8086 Family User's Manual 
(October 1979). 

A block diagram of the 8089 I/O processor is shown in 
Figure 3. The 8089 provides two independent channels. 
Both channels can execute task program instructions 
and perform high speed DMA transfers. Each channel 
has its own register set to support these operations. 

A channel starts operation by executing task program 
instructions. These instructions are conceptually similar 



to instructions of other microprocessors but are typi- 
cally executed to prepare the channel and I/O device for 
DMA transfers. Execution of the XFER (transfer) in- 
struction switches the channel from instruction execu- 
tion mode to DMA mode and high speed data transfer 
cycles are performed. When the DMA transfer termi- 
nates, task program instruction execution resumes for 
any post-DMA processing (e.g., status analysis, error 
processing, etc.). One channel or two channels may be 
operating at any given time. When two channels are ac- 
tive, they operate in a time-multiplexed manner sharing 
a common multiplexed address/data bus. A flexible pri- 
ority structure allows both channels to operate with 
equal priorities or either channel to operate at a higher 
priority. 

The 8089' s bus structure and timing are identical with 
other members of the iAPX 86 and iAPX 88 families, 
such as the 8086 CPU and 8087 numeric processor ex- 
tension. This allows the bipolar support circuits of the 
iAPX 86 and 88 families (8284A clock generator, 8288 
bus controller, 8289 bus arbiter, etc.) to be used with the 
8089. The 8089 generates 20 address signals and, 
depending on how it is initialized, supports an 8- or 
16-bit data bus. This provides compatibility with the 
16-bit 8086 CPU or the 8-bit 8088 CPU. 

Both channels can access a 1 megabyte system address 
space and a 64 kilobyte local address space. Each ad- 
dress space accommodates both memory and I/O 
devices. This allows task program execution, memory 
data access, and I/O device access in both system and 
local address spaces. Task program and DMA access of 
the two address spaces is discussed later. 
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Figure 3. 8089 I/O Processor Block Diagram 
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The 8288 bus controller used with the 8089 provides 
separate command signals for each address space. The 
bus controller's memory read and write commands pro- 
vide access to the system address space and the I/O read 
and write commands are used to access the local address 
space. Separate commands for each address space allow 
two external buses to be implemented which promotes 
concurrent processing between the 8089 and the host 
processor and increases system throughput. 

In addition, the 8089 allows these physical buses to be 
either 8 or 16 bits wide. During the 8089's initialization 
sequence, the widths of the system and local buses are 
defined. Although the 8089 supports two buses, a single 
bus may be used which is shared with a CPU. This will 
be described later when local and remote mode con- 
figurations are discussed. 

The interface signals used to communicate with a host 
processor are also shown in Figure 3. The channel atten- 
tion (CA) and select (SEQ input signals are used to start 
channel operation. Both signals are activated simul- 
taneously by the host. SEL selects channel 1 or channel 
2 (0 or 1, respectively). The SINTR1 and SINTR2 out- 
put signals are used to interrupt the host processor. One 
of these signals is activated whenever the set interrupt 
instruction, SINTR, is executed. SINTR1 is activated by 
channel 1 and SINTR2 by channel 2. The memory- 
based communication structure used to transfer com- 
mand and status information between the 8089 and the 
host processor is discussed in a later section. 



System Configurations 

Systems using the 8089 may be configured in one of two 
different ways— local mode or remote mode. In the 
local configuration, the 8089 provides capabilities of an 
intelligent DMA controller for a single CPU. In the 
remote configuration, the 8089 provides capabilities of 
a control processor and a DMA controller and can 
operate concurrently with one or more host processors. 

Local Mode Configuration 

In the local mode configuration, the 8089 resides on the 
same local bus as an 8086 or 8088 CPU and shares the 
clock generator, address latches, data transceivers, and 
bus controller with the CPU. An example of a local 
mode iAPX 88/11 (8088 CPU and 8089 I/O processor) 
configuration is shown in Figure 4. 

The 8089 is a slave to the CPU in local mode configura- 
tions and access to the shared bus is controlled by the 1 
bidirectional request/grant (RQ/GT) line. The CPU has 
possession of the bus when system operation begins. 
Whenever the 8089 needs access to the bus, it signals the 
CPU of this need by pulsing the RCj/GT line. The CPU 
may be presently accessing the bus. As soon as the CPU 
is finished with the bus, it pulses the RQ/GT line. The 
8089 receives this grant pulse and accesses the bus. 
When the 8089 is finished using the bus, the 8089 pulses 
the RQ/GT line to notify the CPU that it has released 
the bus. 

Once the 8089 acquires the bus, it retains bus possession 
until finished. The request/grant protocol provides no 
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Figure 4. Typical Local Mode Configuration (iAPX 88/11) 
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mechanism for the CPU to regain the bus from the 
8089. Care should be used when selecting this configura- 
tion since frequent or lengthy periods of 8089 activity 
can limit the CPU's use of the bus. However, the local 
mode configuration is an economical technique for add- 
ing intelligent, high speed DMA transfer capabilities to 
the system. 

In local mode configurations, the 8089' s 1 megabyte 
system address space coincides with the CPU's memory 
address space and the 64 kilobyte local address space 
coincides with the CPU's I/O address space. This means 
that when the 8089 accesses its system space or when the 
CPU accesses its memory space, the 8288 bus control- 
ler's memory read or write command is activated. When 
the 8089 accesses its local space or when the CPU ac- 
cesses its I/O space, the bus controller's I/O read or 
write command is activated. 

The 8089's physical data bus widths must be defined the 
same as the CPU's during the initialization sequence (to 
be discussed later) in local mode configurations. With 
an 8088 CPU the 8089' s system and local physical bus 
widths must be initialized as 8 bits. When used with an 
8086 CPU, both buses must be initialized as 16 bits. 

Although the 8089 can execute programs and access 
memory and I/O devices from its two address spaces, 
several rules should be followed to ensure compatibility 
with the CPU. Data memory that is shared with the 
CPU must be accessed in the 8089' s system address 
space. I/O devices which are accessed by the CPU in its 
I/O address space must be accessed in the 8089' s local 
address space. Other memory and I/O devices accessed 
by the 8089 only may reside in either the 8089's system 
or local address space. 

Remote Mode Configuration 

In the remote mode configuration, a shared system bus 
with memory provides communications between the 
host processor and the 8089 I/O processor (Fig. 5). The 



HOST 
PROCESSOR 
MODULE 



8089 

I/O 

PROCESSOR 
MODULE 



SHARED 
MEMORY 



8089 supports two independent externally-implemented 
physical buses (Fig. 6). One bus is the shared system bus 
and the other is a private local bus. The system bus 
interface contains address latches, data transceivers, a 
bus controller, and a bus arbiter. The host processor 
uses an identical interface to access the system bus. The 
8289 bus arbiter controls access to the system bus and is 
responsible for acquiring and surrendering the bus 
based on system priorities. The local bus interface con- 
tains address latches and data transceivers (if required 
by loading conditions). 

The 8089's 1 megabyte system address space is used to 
access the shared system bus and the 64 kilobyte local 
address space is used to access the private local bus. A 
single 8288 bus controller provides command signals for 
both the system and local buses, The memory read and 
write commands are used to access both memory and 
I/O devices on the system bus. The I/O read and write 
commands are used when accessing memory or I/O 
devices on the local bus. 

The physical widths of the system and local buses may 
be 8 or 16 bits. The widths are defined during the in- 
itialization sequence (to be discussed later). All four bus 
width combinations are available: 

8-bit system bus and 8-bit local bus 

8-bit system bus and 16-bit local bus 

16-bit system bus and 8-bit local bus 

16-bit system bus and 16-bit local bus 
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Figure 5. Remote Mode Configuration 



Figure 6. Typical 8089 I/O Processor Module 
(Remote Mote) 
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The system bus width is typically established by the host 
processor. A 16-bit system bus is usually used with a 
16-bit host while an 8-bit bus with an 8-bit host. The 
local bus width is typically selected based on the peri- 
pheral devices supported— 8-bit bus with 8-bit peri- 
pherals and 16-bit bus with 16-bit peripherals. A 16-bit 
local bus is selected when both 8- and 16-bit peripherals 
are supported since it allows task program and DMA ac- 
cessing of both 8- and 16-bit I/O devices. DMA capa- 
bilities are discussed later. Memory devices are con- 
figured so that the width of the memory's data path is 
the same as the physical bus. 

Communications With Host Processor 

Communications between the host processor and the 
8089 I/O processor are primarily through shared 
memory. The hardwired signals (CA and SEL to the 
8089 and SINTR1 and SINTR2 from the 8089) are used 
as startup and interrupt signals. Memory-based commu- 
nication is implemented through a series of five linked 
control blocks (Fig. 7). This feature provides a very flex- 
ible communication structure and allows the 8089 to 
handle a wide variety of I/O functions. 

The first three linked blocks in the' communication 
structure are used during the 8089's initialization se- 
quence (Fig. 8). The system configuration pointer (SCP) 
and system configuration block (SCB) are used only 
during initialization. Initialization is required after a 
RESET signal is received by the 8089. When the first 
channel attention after reset is received, the initializa- 
tion sequence begins and the 8089 reads the data in the 
system configuration pointer. The parameter SYSBUS 
defines the physical width of the system bus (8 or 16 
bits). The SCB offset and segment base point to the se- 
cond block, the system configuration block (SCB). The 
8089 next reads the data in the SCB. The SOC param- 
eter defines the local bus's physical width and re- 
quest/grant mode (refer to The 8086 Family User's 
Manual). The CB offset and segment base point to the 
channel control block (CB). The 8089 clears (zeros) 
channel l's BUSY byte in the CB which completes the 
initialization sequence. With subsequent channel atten- 
^ tions, the 8089 directly accesses the CB as described 
below. 

The SCP, SCB and CB must reside in shared memory 
since both the host and the 8089 access them. The SCP 
must begin at 0FFFF6H while SCB and CB locations are 
user-defined. The SCP is typically located in ROM 
while the SCB and CB are in RAM. With the SCP in 
ROM, the SCB's location remains fixed once defined. 
Since each 8089 must have a unique CB, the SCB (which 
points to the 8089's CB) must be placed in RAM if mul- 
tiple 8089's exist in the system. This allows each 8089 to 
be initialized and directed to its own CB. The CB must 



be in RAM since certain parameters are updated during 
8089 operation (e.g., BUSY byte). 

The channel control, parameter and task blocks are 
used whenever the host starts channel operation. The 
host initializes certain parameters in the channel control 
and parameter blocks before generating the channel 
attention signal. When the 8089 receives a channel 
attention signal, the proper half of the CB is accessed 
depending on the value of SEL (0 for channel 1 and 1 
for channel 2). The CCW (channel control word) in- 
structs the selected channel what action to perform, 
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Figure 7. Memory Based Communication Blocks 
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Figure 8. Initialization Control Blocks 



such as start, suspend, resume, or halt task program 
execution. The BUSY byte is set to OFFH by the 8089 if 
task program execution is started or resumed. The 8089 
clears it to OH if task program execution is suspended or 
halted. Within the channel control block, PB1 offset 
and segment base point to the parameter block for chan- 
nel 1 and PB2 offset and segment base point to the 
parameter block for channel 2. From the proper param- 
eter block, the 8089 reads the task block (TBI or TB2) 
offset and segment base which point to the task pro- 
gram. The task block address must be the first two 



words of the parameter block. All other parameters in 
the PB are user-defined allowing parameters to be tail- 
ored to a specific I/O task. 

Of all the five linked blocks, only the task block may 
reside either in system or local memory. For remote 
mode configurations, the task block typically resides in 
local memory to obtain maximum system performance. 
However, executing task programs from system 
memory is advantageous for initial debugging or for ex- 
ecuting a task program that downloads another task 
program from system memory to local RAM. 

AFN02057A 



3-69 



/ 



AP-122 



DMA Capabilities 

The 8089's high speed DMA capability is ideal for disk 
controller applications. The maximum DMA transfer 
rate with a 5 MHz clock is 1 .25 megabytes/sec. Conven- 
tional DMA controllers use a single bus cycle and gate 
data from the source device (memory or I/O) to the 
destination device. However, the 8089*8 DMA transfer 
uses two bus cycles. The first bus cycle reads the data 
from the source device and the second bus cycle writes 
the data to the destination device. The advantages of 
two cycle DMA are discussed in a later section. 

All possible combinations of source and destination 
device specifications are available. Both source and 
destination may be memory or an I/O device. This 
means that memory to memory, I/O to I/O, and 
memory to or from I/O DMA transfers are available. In 
addition, DMA transfers between system and local ad- 
dress spaces or within the same address space can be 
specified. 

Both memory and I/O devices (source and destination) 
are specified as addresses either in the system or local 
address space. These address values are loaded into 
source and destination pointer registers. After each 
word or byte is transferred, a register used as a memory 
pointer is incremented by one for byte transfers or by 
two for word transfers. A register used as an I/O device 
pointer is not modified. Registers used as DMA memory 
pointers are incremented only. No provisions exist for 
decrementing memory pointer registers during DMA. 

DMA Synchronization 

To accommodate a wide range of I/O device transfer 
rates, the 8089 allows DMA transfers to be synchro- 
nized. Each byte or word is transferred between the I/O 
device and the 8089 upon receiving a DMA request 
synchronizing signal from the I/O device. Each channel 
has a DMA request input: DRQ1 for channel 1 and 
DRQ2 for channel 2. Three options exist when specify- 
ing DMA transfer synchronization. DMA transfers may 
be source synchronized, destination synchronized, or 
unsynchronized. 

During source synchronized DMA transfers, the chan- 
nel waits until the DMA request input is activated by the 
source device before reading the data. External circuitry 
decodes the source device's address and provides a 
DMA acknowledge signal to the source device allowing 
it to deactivate the DMA request signal. Immediately 
after reading the data, the 8089 writes it to the destina- 
tion device. The next read and write cycles begin when 
the source device activates DMA request again. Source 
synchronized DMA transfers are typically used when 
transferring data from an I/O device to memory. 



During destination synchronized DMA transfers, the 
channel reads the data from the source device and waits 
for the DMA request signal before writing the data to 
the destination device. Similar to source synchroniza- 
tion, the DMA acknowledge signal is generated by 
decoding the destination device's address. This type of 
synchronization is commonly used when transferring 
data from memory to an I/O device. 

The final synchronization option is to specify no synch- 
ronization. Here the DMA request input is not exam- 
ined and the channel transfers data without waiting for 
a request. This specification is usually reserved for 
memory to memory transfers. The channel runs at full 
memory speed. Wait states may be used when accessing 
slow memory devices or when waiting to access the 
shared system bus. 

DMA latency is the time required for the 8089 to re- 
spond to a DMA request; i.e., the time from DMA re- 
quest signal activation until the synchronized bus cycle 
begins. DMA latency is due to DMA request propaga- 
tion through internal pipelined control circuitry. The 
maximum DMA latency time when one channel is active 
and waiting for DMA request is 6 clocks. When both 
channels are active, the latency time may be up to 12 
clocks. 

Due to DMA latency, the DMA request signal cannot be 
used to synchronize transfers when the transfer rate of 
the I/O device is close (greater than 0.7 megabytes/sec 
when one channel is active) to the maximum transfer 
rate of the 8089, 1.25 megabytes/sec. For this case, wait 
states may be used to synchronize transfers. Since hard 
disk drives are in this category, the disk controller 
described in this application note uses wait states to 
synchronize disk transfers. 

Advantages of Two Cycle DMA 

The two bus cycle implementation of DMA transfers 
allows enhanced DMA capabilities. Data transfers be- 
tween source and destination devices with different data 
widths may be specified. For example (Fig. 9), a DMA 
transfer cycle from an 8-bit I/O device to 16-bit memory 
is accomplished by reading two bytes from the I/O de- 
vice (two bus cycles), assembling the bytes into a word, 
and then writing a single word into memory (one bus cy- 
cle). Here buses are accessed efficiently since three bus 
cycles are required as compared to four bus cycles if a 
single byte at a time were read and written. In the same 
example, since the 16-bit memory resides on the shared 
system bus, 50% fewer system bus accesses are required 
and overall system throughput may be increased. 

Use of this bus matching DMA feature involves specify- 
ing logical DMA source and destination bus widths with 
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Figure 9. 8-Bit I/O to 16-Bit Memory DMA 



the WID instruction. This allows DMA transfers to or 
from 8-bit I/O devices which reside on a 16-bit bus. The 
only restriction is that the logical bus width may not ex- 
ceed the physical width. Thus 8- or 16-bit transfers may 
be performed with a 16-bit bus while only 8-bit transfers 
are permitted with an 8-bit bus (Fig. 10). Synchronized 



DMA transfers between dissimilar width logical buses 
may have more than one synchronized bus cycle. For ex- 
ample, destination synchronized transfers from 16-bit 
memory to an 8-bit I/O device perform two synchro- 
nized 8-bit write bus cycles for each 16-bit fetch from 
memory. 
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Figure 10. Logical Bus Widths for DMA Transfers 
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Another feature derived from the two bus cycle DMA 
approach is character translation during DMA mode. 
Byte data may be translated via a 256-byte translation or 
lookup table. During each DMA transfer cycle, a byte 
of data is read from the source device, the data byte is 
translated, and then the translated byte is written to the 
destination device. Three bus cycles are required here 
since the translation requires a fetch cycle from 
memory. 

Two bus cycle DMA also allows DMA transfers to be 
terminated based on masked comparison of the trans- 
ferred data. This is discussed in the next section. 

DMA Termination 

The 8089 allows several conditions to terminate DMA 
transfers. One condition or several conditions may be 
specified. When several conditions are specified, DMA 
transfers are terminated when any one condition is 
detected. In addition, different task program re-entry 
points may be specified for each condition. This permits 
special post-DMA processing based on the terminate 
condition. Task program re-entry points are specified as 
offsets which are added to the task pointer. Three off- 
sets are available: 0, 4, or 8. These offsets permit long or 
short jumps to termination routines. When more than 
one terminate condition occurs simultaneously, task 
program execution is resumed at the largest offset of the 
simultaneously occurring terminate conditions. An ex- 
ception to this rule exists. The byte count terminate con- 
dition has highest priority and its offset is used if this 
terminate condition occurred. 

DMA transfers can be terminated when the byte count 
(BC) register, which is decremented after each byte or 
word is transferred, reaches zero. The 16-bit BC register 
is initialized by task program instructions before the 
DMA transfer is started and permits data transfers of 
up to 64 kilobytes to be terminated. Each channel has an 
external terminate (EXT) input which can be activated 
by external circuitry to terminate the DMA transfer. 
Another condition allows termination based on masked 
comparison of transferred data. As byte data is trans- 
ferred, an 8-bit mask value selects which bits of the data 
are compared with corresponding bits of an 8-bit com- 
pare value. Termination can be specified to occur either 
when a match occurs or does not occur. Examples using 
this terminate condition are transferring data until an 
EOF character is detected (match) and transferring data 
while bit 7=1 (mismatch). A final terminate condition 
called single transfer allows a single byte or word to be 
transferred. 

Register Set 

The register set of the 8089 is presented in Figure 11. 
Each channel has its own set of registers, except for the 
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Figure 11. 8089 Register Set 



channel control pointer register (CP) which is shared by 
both channels. This register is 20 bits in size and is used 
to access the channel control block whenever a channel 
receives a channel attention signal. Each channel has a 
20-bit parameter pointer register (PP) which provides 
access to the parameter block. The common CP register 
is initialized during the 8089's initialization sequence 
while the PP registers are initialized whenever a channel 
attention signal is received. Therefore, the CP and PP 
may be read during task program execution, but cannot 
be changed. 

Each channel has four 20-bit registers, each with an 
associated tag bit. The tag bit is used whenever the regis- 
ter is used as a pointer and indicates which address space 
(system or local) is accessed. If the tag bit is equal to 0, 
the 1 megabyte system address space is accessed using all 
20 bits of the register. However, if the tag bit is equal to 
1 , the 64 kilobyte local address space is accessed using 
the lower* 16 bits of the register. Instructions that initial- . 
ize these registers either set or clear the tag bit. The load 
pointer instruction clears the tag bit, the move instruc- 
tion sets the tag bit, and the move pointer instruction 
which moves data from memory into the register's 20 
bits and tag bit either sets or clears the tag bit based on 
the contents of the referenced memory location. 

The task pointer register (TP) is used as a tdsk program 
counter. The remaining three 20-bit registers (GA, GB, 
and GC) are general-purpose registers. During task pro- 
gram execution, they may be used for data manipula- 
tion or as pointers. During DMA mode, the GA and GB 
registers point to source and destination devices and if 
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the translation option is specified, the GC register 
points to a 256-byte translation table. Two source/ 
destination register specifications are possible: (1) GA 
points to the source and GB to the destination and (2) 
GB points to the source and GA to the destination. 

Four 16-bit registers are also included in each channel's 
register set. The index register (IX) may be used by task 
program instructions to access memory and I/O 
devices. The address of the memory or I/O device is 
computed by adding the contents of IX with the con- 
tents of the specified pointer register. The byte count 
register (BC) can terminate DMA transfers. The mask/ 
compare register (MC) may be used to perform masked 
compare operations during task program execution or 
masked compare DMA terminations. The channel con- 
trol register (CC) specifies the details of DMA transfers 
(refer to The 8086 Family User's Manual). Although 
these four 16-bit registers have special functions at 
times, they may also be used as general-purpose regis- 
ters for data manipulation. Use of the CC register for 
general-purpose functions is not recommended when 
both channels are simultaneously used since the chain 
bit specifies channel priority. 

Instruction Set 

In addition to intelligent, high speed DMA transfers 
which make the 8089 well-suited for I/O processing, the 
set of 53 instructions is tailored for I/O operations 
rather than data processing. Task programs are pri- 
marily used to prepare for and initiate DMA transfers 
and to perform post-DMA status checking. Included in 
the instruction set are data transfer, arithmetic, logical 
and bit manipulation, program transfer, and processor 
control instructions. 

Data transfer instructions move information between 
registers and memory or I/O devices. Movement of data 
between any two devices in either address space is easily 
accomplished with the MOV instruction. This includes 
memory to memory and I/O to I/O transfers. Arith- 
metic instructions such as add, increment, and decre- 
ment are provided for simple computations (e.g., 
pointer manipulation) required in I/O processing. The 
logical and bit manipulation instructions are especially 
useful in the I/O environment to mask data and set or 
clear bits. 

Procedure calls and conditional and unconditional 
jumps are provided with the program transfer instruc- 
tions. Jump if masked compare equal or not equal and 
jump if bit true or false instructions are also included in 
this group. Finally, the processor control instructions 
perform test and set while locked operations (sema- 
phore access), define logical DMA bus widths, initiate 
DMA transfers, activate the SINTR interrupt output 
lines, and halt task program execution. 



Special Design Considerations 

Most interrupt signals received by the 8089 are used to 
synchronize DMA transfers and the 8089' s DMA re- 
quest (DRQ) inputs support these interrupts. The 8089 
also supports non-DMA related interrupt signals. 

Most non-DMA interrupts are used to synchronize 
channel program execution with some external event. 
Here channel program execution is suspended and the 
channel waits until the synchronizing signal is received 
before resuming task program execution. A disk control 
example is waiting for the INDEX signal before for- < 
matting the track. 

A dummy DMA transfer can be used to implement this 
function. This is a synchronized, externally terminated 
DMA transfer where no data is actually transferred. 
The DMA request (DRQ) signal is held inactive and the 
channel executes idle cycles while waiting for either 
DRQ or EXT (external terminate) signals. 

No bus cycles are executed by the channel during idle 
cycles. The channel's EXT input is used to receive the 
synchronizing signal. When received, the dummy DMA 
transfer is terminated and channel program execution 
resumes. The dummy DMA transfer can also be viewed 
as the iAPX 86/10's WAIT instruction. 

This concept can also be applied when two channels are 
operating. For example, one channel may be waiting for 
a synchronizing signal while the other channel is oper- 
ating. Here the second channel can execute at full speed 
since the first channel is executing idle cycles. 

One application of this two channel approach is to per- 
form two independent DMA transfers in rapid succes- 
sion. After the first DMA transfer, conditions are tested 
to determine if the second DMA transfer is performed. 
One channel (e.g., channel 1) initializes its registers for 
the second DMA transfer and executes a dummy DMA 
transfer. Next, the other channel (e.g., channel 2) ini- 
tializes its registers for the first DMA transfer. Channel 
2 performs the first DMA transfer, activates channel l's 
EXT input, and halts. Channel 1 resumes task program 
execution and determines whether conditions permit the 
second DMA transfer. If the proper conditions are pre- 
sent, the DMA transfer is performed. The two DMA 
transfers are performed in rapid succession because 
both channels initialized their registers before either 
DMA transfer was performed. A single channel im- 
plementation must re-initialize its registers after the first 
DMA transfer before performing the second DMA 
transfer. Therefore, the time between successive DMA 
transfers is increased. 

In the example above, channel 1 performs two DMA 
transfers— a dummy DMA transfer and then the second 
DMA transfer. Registers are initialized for the second 
DMA transfer before the dummy DMA transfer is per- 
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formed. Therefore, aH DMA register changes resulting 
from the dummy DMA transfer must be accounted for 
when initializing the registers. Synchronized DMA 
transfers between I/O and memory update the byte 
count register (BC) and the memory pointer register 
(GA or GB), During each two cycle transfer, BC is 
decremented during the data fetch bus cycle and GA or 
GB is incremented during the data store bus cycle. Since 
the dummy DMA transfer never stores the data (DRQ 
remains inactive), the memory pointer is never incre- 
mented. However, BC may or may not be decremented 
depending on whether source or destination synchro- 
nization is selected. If source synchronization is 
selected, BC is not decremented because the data is not 
fetched. However, since the data is prefetched during 
destination synchronized DMA transfers, BC is 
decremented. This means that BC must be adjusted only 
when a destination synchronized DMA transfer follows 
the dummy DMA transfer. Here BC must be loaded 
with the actual number of data bytes to be transferred 
plus one for byte transfers or plus two for word trans- 
fers. A byte transfer is defined as the fetching and stor- 
ing of a single byte. All other cases are considered word 
transfers since the net result is that 16 bits of data are 
transferred during the two or more bus pycles. 



III. SHUGART SA4008 DRIVE 

The Shugart Associates SA4008 disk drive is typical of 
Winchester drives now being , used in microcomputer 
systems. The unformatted drive capacity is 29 mega- 
bytes. Typical of high performance drives, the transfer 
rate is 889 kilobytes/second and the average seek time is 
65 milliseconds. A summary of the drivel performance 
and functional specifications is included in Appendix A. 

Drive Organization 

The Shugart SA4008 drive has two 14-inch disk platters. 
The top and bottom surfaces of these two platters pro- 
vide four recording surfaces. Each recording surface 
contains 404 concentric circular data paths called 
tracks. The tracks on each surface are accessed by two 
read/write heads which move along the radial distance 
of the circular platter (Fig. 12). The two heads are rigid- 
ly connected and move in unison. One read/write head 
travels from the outermost track of the surface to the 
midway point between the outermost and innermost 
tracks. The other head travels from the midway point to 
the innermost track. Each of the four surfaces has two 
read/ write heads (eight total heads). The drive's head 
positioning mechanism moves all eight heads |n unison 
onto 202 discrete positions called cylinders (numbered 0 
through 201). The head mechanism is positioned at 




Figure 12. SA4008 Drive with Two Heads Per Surface 



cylinder 0 when the outermost track is accessed and at 
cylinder 201 when the innermost track is accessed. At 
each cylinder position, eight unique data tracks are 
accessible, one by each head. By activating the elec- 
tronics of one read/ write head, a single data track is ac- 
cessed. With 8 heads and 202 cylinders, the SA4008 has 
a total of 1,616 tracks. 

Sector Format 

Data is recorded on sections of the track called sectors. 
The number of sectors per track is a function of the con- 
troller design. The SA4008 allows any number of sectors 
per track. This design organizes each track into 30 sec- 
tors (Fig. 13). The 600 bytes of each sector is divided 
into an ID field, data field and gaps. The ID field is a 
unique identifier or address used to locate a particular 
data record. The data field contains the 512 byte data 
record that is read or written by the host processor. 
Gaps containing no usable information are inserted 
before and after the ID and data fields to allow the drive 
and controller electronics time for synchronization and 
switching between read and write modes. 

Assignment of sequential records to sectors is inter- 
leaved using an interleave code of 3 such that logical sec- 
tors are three physical sectors apart (Fig. 14). Since a 
data record is buffered in local memory, this interleave 
scheme allows two sector times to transfer the data 
record to or from system memory. This allows the disk 
controller to operate at lower system bus priority and 
provides enough time to transfer the data record be- 
tween the local buffer and system buffer. When the 
8089 has complete use of the system bus, a 512 byte data 
record can be transferred in 564 ^sec which is 84% of 
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Figure 13. Track Format 
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Figure 14. Interleaved Sector Ordering 



the 672 /*sec sector time. The selected interleave scheme 
permits up to 10 sequential logical sectors to be accessed 
per 20.2 millisecond disk revolution. 

To access up to 15 sequential logical sectors per revolu- 
tion, an interleave code of 2 could be used. For this 
case, logical sectors are two physical sectors apart and 
the buffered data record must be transferred to or from 
system memory in one sector time (672 jisec). Thi& re- 



quires that the 8089 retain possession of the system bus 
for the entire data record transfer after acquir ing the 
system bus. The 8089 can accomplish this with a LOCK 
output signal which is discussed later. The 564 jtsec 
data record transfer time allows 108 jtsec to set up the 
DMA transfer to or from the system bus, obtain posses- 
sion of the system bus, and prepare for a subsequent 
disk sector access. 
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Disk Drive Interface Signals 

The interface signals (Fig. 15) between the SA4008 drive 
and the controller are now described. The input control 
signals are first described, followed by the output con- 
trol signals, and finally the data transfer signals. 

The input control signals to the drive are DRIVE 
SELECT, DIRECTION SELECT, STfeP, HEAD 
SELECT, FAULT CLEAR, WRITE GATE, and 
READ GATE. Four drive select signals, DRIVE 
SELECT 1 to 4, allow selection of one drive in a multi- 
ple drive configuration of up to four drives. A jumper is 
used to select one of the DRIVE SELECT signals and 
allows the drive to respond to only one DRIVE 
SELECT signal. The DRIVE SELECT 4/SEEK COM- 
PLETE line can be jumper selected as the DRIVE 
SELECT 4 signal or SEEK COMPLETE signal (see 



Figure 15. SA4008 Interface Signals 



description below). The DIRECTION SELECT and 
STEP signals are used to position the read/write heads. 
DIRECTION SELECT defines an inward or outward 
movement while the STEP line is pulsed. Each pulse 
moves the heads one cylinder position. Four head select 
signals, HEAD SELECT 1 , 2, 4 and 8, are used to select 
one of the SA4008 , s eight read/ write heads. Four 
signals are provided to allow eight optional fixed heads 
to be selected. The FAULT CLEAR signal is used to 
reset a write fault condition. The WRITE GATE signal 
enables data to be written on the selected data track, 
while the READ GATE enables reading from the track. 

The output control signals from the drive are TRACK 
00, INDEX, READY, WRITE FAULT, SEEK COM- 
PLETE, and BYTE CLOCK/SECTOR. The TRACK 
00 signal is activated when the read/write heads are 
positioned at track 0 (cylinder 0). The INDEX signal is 
pulsed once each revolution (20.2 msec) indicating the 
beginning of the data track. The READY signal in- 
dicates that the drivers ready to position the read/write 
heads, read data, or write data. The WRITE FAULT 
signal indicates that a condition which caused improper 
writing on the disk occurred. The SEEK COMPLETE 
signal is available in a single drive configuration and in- 
dicates when the read/write heads have arrived at the 
desired cylinder during a seek operation. The DRIVE 
SELECT 4/SEEK COMPLETE line can be jumper 
selected as the DRIVE SELECT 4 signal (multiple drive 
configuration) or SEEK COMPLETE (signal drive con- 
figuration). The SEEK COMPLETE signal is selected 
with the controller described in this application note. 
The BYTE CLOCK/SECTOR line is another jumper 
selectable signal. It can be configured as the BYTE 
CLOCK signal (1.12 /*sec period) or as the SECTOR 
signal. The number of SECTOR pulses per revolution is 
jumper programmable. The controller described here 
requires selection of the SECTOR signal and 30 sector 
pulses per revolution. 

The SA4008 provides four data transfer signals: 
WRITE DATA, WRITE CLOCK, READ DATA and 
PLO (Phase Locked Oscillator) CLOCK. All of these 
are differential signals. The WRITE DATA and 
WRITE CLOCK signals are received by the drive and 
used to write data on the track. The WRITE DATA 
signal provides the data while the WRITE CLOCK 
signal is used to sample the data. The READ DATA and 
PLO CLOCK signals are transmitted by the drive and 
used to read data from the track. The READ DATA 
signal provides the data while the PLO CLOCK signal is 
used to sample the data. Both the WRITE DATA and 
READ DATA signals are in the non-return to zero 
(NRZ) format. 

A detailed description and timing of the interface 
signals can be obtained from the Shugart Associates 
manuals referenced in the introduction. 
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Functional Operations 

The SA4O08 provides three functional operations: track 
accessing, write data, and read data. These operations 
are initiated and controlled by certain interface signals. 

Track accessing (seeking from one track to another) is 
accomplished by activating the DRIVE SELECT line 
and deactivating the WRITE GATE line. Inward or out- 
ward movement is selected by activating or deactivating, 
respectively, the DIRECTION SELECT line. The STEP 
line is pulsed once for each track that the read/write 
heads are moved. 

Writing data to the SA4008 is initiated by activating the 
DRIVE SELECT line, selecting the desired read/write 
head by activating the HEAD SELECT lines, and pro- 
viding a clock signal on the WRITE CLOCK line. The 
WRITE GATE line is then activated and the data to be 
written is transmitted on the WRITE DATA line. The 
WRITE GATE line is deactivated to terminate writing. 

Reading data from the SA4008 is initiated by activating 
the DRIVE SELECT line and selecting the desired 
read/write head by activating the HEAD SELECT 
lines. The READ GATE line is then activated and the 
data is read on the READ DATA line using the PLO 
CLOCK signal to sample the data. The READ GATE 
line is deactivated to terminate reading. 



IV. DISK CONTROLLER OPERATIONS 

By using an 8089, the disk controller becomes an intelli- 
gent interface between the host processor and the disk 
drive. The host issues a single high level command for 
the desired operation and the 8089 implements the 
operation through task program control. 

The 8089-based disk controller described in this applica- 
tion note implements four basic disk control operations: 
seek track, format track, write data record, and read 
data record. The previous section described the three 
functional operations of the SA4008 drive: track access- 
ing, write data, and read data. The controller uses these 
three drive operations to implement the four high level 
operations. An overview of the four operations is now 
presented. This serves as an introduction to the disk 
controller before hardware and software details are 
described. 

Seek Track 

The seek track operation is implemented primarily 
through task program control with minimal use of 
special hardware. Based on the cylinder which is pres- 
ently accessed by the read/ write head mechanism, the 
task program determines which direction (inward or 
outward) the head mechanism must be moved. The 
number of cylinder positions that the heads must be 



moved is also determined. The task program writes data 
to an octal latch which transmits the DIRECTION 
SELECT and STEP signals to the SA4008 drive. By 
writing the proper data sequence to the octal latch, 
DIRECTION SELECT is asserted and STEP is pulsed 
the required number of times. Finally the task program 
asserts the drive's head select (HEAD SELECT 1, 2, 4 
and 8) signals to access the desired track. 

Format Track 

The format track, write data record, and read data 
record operations are implemented by a task program 
which controls special hardware. Details of the special 
hardware are described in the next section. 

The timing overview of the format track operation is 
presented in Figure 16. The INDEX, SECTOR and 
READ DATA signals from the drive and the WRITE 
GATE, WRITE DATA, and READ GATE signals to 
the drive are shown. 8089 channel activity is also shown. 
The READ GATE and READ DATA signals remain in- 
active during the format track operation. 

Channel 1 begins the format track operation by initializ- 
ing the registers for the DMA transfer which writes sec- 
tor O's ID data on the track. Serial/parallel conversion 
hardware is used to convert the 8089's parallel data to 
serial so that it can be received by the drive. The hard- 
ware is initialized with zeros so that when the WRITE 
GATE is activated, zeros are written on the track. Next 
a dummy DMA transfer is used to wait for the INDEX 
pulse which indicates the beginning of the track. 

When the INDEX pulse is received, channel 1 resumes 
execution. The INDEX pulse also activates the WRITE 
GATE signal to the drive and zeros are written on the 
track. Timing hardware which was started by the SEC- 
TOR pulse determines when to stop writing zeros and 
begin the write ID field DMA transfer. A synch 
character is written on the track before the ID field and 
CRC word after the ID field. After the ID data for sec- 
tor 0 has been written on the track, the hardware 
resumes writing zeros. 

Channel 1 next initializes the DMA registers for writing 
ID data to the next sector. A dummy DMA transfer is 
started to wait for the SECTOR pulse. Channel 1 now 
idles while it waits for the SECTOR pulse. Note that 
zeros continue to be written on the track between ID 
data. 

ID data for the remaining 29 sectors is written on the 
track identically to the first sector. After ID data is writ- 
ten for the last sector, channel 1 deactivates the WRITE 
GATE signal. WRITE GATE deactivation is delayed so 
that zeros are written into the data field. This ensures 
that after a data record has been written (in the last sec- 
tor), the required zeros are present before and after the 
data field. 
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Figure 16. Format Track Timing Overview 



Write Data Record 

The data transfer operations (write data record and read 
data record) are implemented with both 8089 channels 
(Fig. 17). Channel 2 searches for the desired sector by 
comparing the ID field information read from the track 
with the desired ID field information. The comparison 
is performed by a hardware comparator. One input of 
the comparator accepts ID information read from the 
track while the other input accepts the desired ID infor- 
mation transferred from channel 2 using DMA 
transfers. Upon locating the desired sector, channel 1 
transfers the data record to or from the track using 
DMA transfers. Both channels perform DMA transfers 
using the technique described earlier which allows two 
DMA transfers in rapid succession. 

Higher data capacity is achieved with this two channel 
approach than with a single channel approach. With 
two channels, all DMA registers are initialized before 
either DMA transfer is started. No register re- 
initialization is required betwen the DMA transfers for 
the two channel approach. To allow for register re- 
initialization between DMA transfers in the single chan- 
nel approach, a larger gap between the ID and data 
fields is required. This results in lower data capacity per 
track and therefore lower data capacity per drive. 
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Figure 17. Sector Search and Data Transfer 
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The write data record operation begins with channel 1 
initializing DMA registers used to transfer the data 
record to the track (Fig. 17) and starting a dummy DMA 
transfer. Next channel 2 initializes its DMA registers 
used to transfer the desired ID information to the hard- 
ware comparator. Channel 2 waits for a SECTOR pulse 
with a dummy DMA transfer. When the SECTOR pulse 
is detected, channel 2 performs the "compare' ' DMA 
transfer, activates channel l's EXT input and halts. 

Activation of EXT terminates channel 1 's dummy DMA 
transfer and resumes task program execution. The hard- 
ware comparator is tested to determine if the desired 
sector is found (i.e., the compare is successful). If not 
found, the ID field comparison is repeated for the sub- 
sequent sector. If the desired sector is found, the data 
record is written in the data field which follows the ID 
field. 

The timing overview of Figure 18 shows the sector ac- 
tivity when the desired sector is found. Channel 2's 
dummy DMA transfer is terminated by the SECTOR 
pulse and the READ GATE signal is activated. This 



allows the serial/parallel conversion hardware to read 
the serial data from the track and convert it to a parallel 
format. The beginning of the ID field is found by hard- 
ware that searches for a synch character. When 
detected, channel 2's DMA transfer moves the desired 
ID information to the hardware comparator synchro- 
nously with the ID information from the track arriving 
at the comparator. Finally, channel 2 activates channel 
l's EXT input and halts. Channel 2's sector search 
activity is the same for all sectors. 

Channel 1 resumes execution, tests the hardware com- 
parator, and deactivates the READ GATE signal. 
Figure 18 shows that channel 1 then activates the 
WRITE GATE signal and zeros are written on the 
track. Timing hardware which was started by the detec- 
tion of the ID field's synch character determines when 
to stop writing zeros and begin the write data record 
DMA transfer. A synch character precedes the data 
record and an CRC word follows the data record. 
Finally channel 1 deactivates the WRITE GATE signal 
and halts. 
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Figure 18. Write Data Record Timing Overview 
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Read Data Record 

The read data record operation is similar to the write 
data record operation. The sector search activity is iden- 
tical. Only channel l's activity after locating the desired 
sector is different. 

The timing overview of Figure 19 shows that when chan- 
nel 1 resumes execution the hardware comparator is 
tested and the READ GATE signal is deactivated. Next 
the READ GATE is again activated and the hardware 



searches for the synch character. The READ GATE 
signal is momentarily deactivated so that the disk drive 
does not read where the WRITE GATE has been ac- 
tivated (during a previous write data record operation). 
This ensures that the drive's data separator decodes data 
properly. When the synch character is detected, channel 
l's DMA transfer reads the data record from the track. 
Finally, channel 1 checks for a CRC error, deactivates 
the READ GATE signal, and halts. 
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Figure 19. Read Data Record Timing Overview 



3-80 



AFN02057A 



AM 22 



V. HARDWARE DESIGN 

The controller was designed to be compatible with 
Multibus, an industry-standard multiprocessor system 
bus. It was constructed on an iSBC 905 Universal Pro- 
totype board using wirewrap interconnections. Seventy- 
five IC packages reside on this 6-3/4 by 12 inch board. 
The development environment consisted of the con- 
troller board, an iSBC 86/12A single board computer 
(based on the iAPX 86/10) which served as the host pro- 
cessor, and an iSBC 604 cardcage which provided a 
Multibus interconnect between the two boards. Other 
development tools used were an ICE-86 in-circuit emu- 
lator and the RBF-89 real-time breakpoint facility. 

A block diagram of the disk controller is shown in 
Figure 20. The hardware is divided into four major sec- 
tions — I/O processor, Multibus interface, timing and 
control, and data transfer. The 8089 I/O processor 
along with the timing and control circuitry supervise all 
disk control operations. The 8089* s interface to the tim- 
ing and control circuitry is through control and status 
registers which are part of the timing and control 
section. 

I/O Processor 

The I/O processor section (Figure 21) consists of the 
8089, support circuitry, local bus interface, and local 
memory. Support circuitry includes the 8284 A clock 
generator and the 8288 bus controller. The clock 
generator is configured in asynchronous mode since 
ready signals are generated asynchronously with respect 
to the 8089's clock signal. The 8089's local bus read 
signal, IO RD, is generated from t he bus controller's 
IORC and INTA commands since INTA is activated 
whenever the 8089 fetches instructions from its local 
bus . Both bu s controller I/ O write commands, advanc- 
ed (AIOWC) and normal (IOWC), are used. The ad- 
vanced command is used to write to all local devices ex- 
cept the two 8282 control ports. The normal command 
is used when writing to these control ports to prevent 
glitching of the 8282' s output signals. This command 
prevents glitches since its timing guarantees that the 
write data is valid before the command's leading edge. 

The channel attention (CA) signal is . generated by 
decoding Multibus I/O writes to ports 0 and 1 allowing 
the host processor to start channel 1 and 2, respectively. 
A CA signal for channel 2 is also generated when the 
8089 accesses local bus port 4070H allowing channel 1 
to start channel 2. 

The local bus interface is implemented with two 8282 
octal latches and two 8286 octal transceivers. Two 8205 
one-of-eight decoders provide the local bus address 
decoding for memory and I/O devices. Two 2716-1 
EPROM components provide 4K bytes of program 



storage addressable from 2000H to 2FFFH. If more 
program storage is required, the 27 16- Is can be replaced 
with 2732As or 2764s to provide 8K or 16K bytes, 
respectively, of program memory. 4K bytes of 
read/write memory for storing program variables and 
buffering disk sector data are provided with four 2142-3 
static RAM components addressable from 0 to 7FFH. 

Multibus™ Interface 

The Multibus interface (Fig. 21) is implemented with 
three 8283 octal latches, three 8287 octal transceivers, 
8289 bus arbiter, and byte swap circuitry. The 8089 has 
access to the full 1 megabyte Multibus memory address 
space since all 20 address signals are latched with the 
three a ddress l atch es. Mem ory read and write com- 
mands (MRDC and AMWC) from the 8288 bus control- 
ler are used to access shared system memory. The 8289 
bus arbiter provides the system bus access functions for 
the 8089. The iSBC 604 cardcage is configured for serial 
priority resolution with the iSBC 86/12A having pri- 
ority over the disk controller board. The priorities can 
be changed by simply swapping the cardcage slot loca- 
tions of the two boards. 

The 8 089 's L OCK output is conn ected to the bus ar- 
biter's LOCK input. While LOCK is active, the bus ar- 
biter will not relinquish the shared system bus to 
another proc essor re gardless of its priority. A channel 
activates the LOCK output when a test and set while 
locked instruction, TSL, is exec uted ( semaphore 
access). A channel may also activate LOCK for the en- 
tire duration of a DMA transfer by setting the LOCK bit 
in its channel control register (CC). This ensures that 
once the system bus is acquired, the DMA transfer is 
completed as quickly as possible. 

Three data transceivers and associated byte swap cir- 
cuitry provide 8- and 16-bit Multibus compatibility. 
Since Multibus convention states that all 8-bit transfers 
must o ccur on the lower half of the 16-bit data bus 
(DAT0 to DAT7), all 8089 designs which access 
Multibus must provide byte swap circuitry . Even though 
the system bus is defined as 16 bits wide during the ini- 
tialization of the 8089, the 8089 may perform byte 
references to odd-addressed memory locations. This 
results in the high byte of a 16-bit word being trans- 
ferred over the lower half of the data bus. 

Timing and Control 

The timing and control section (Fig. 22) receives signals 
from the 8089 and disk drive to control all disk opera- 
tions. The interface with the 8089 is via two 8-bit control 
ports and one 8-bit status port. Control ports 1 and 2 
are implemented with 8282 latches and have addresses 
4010H and 4021H, respectively. The two control ports 
are the primary interface from the software to the hard- 
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Figure 20. Disk Controller Block Diagram (Sheet 1 off 2) 
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ware and allow the 8089' s task program to control all 
disk drive activity. The status port is implemented with 
an 8286 transceiver, has 4030H as an address and allows, 
the task program to monitor drive activity. The 8288 
bus controller's normal I/O write command is used to 
write to the control ports. This prevents the outputs 
from glitching, which can occur if the advanced I/O 
write command is used. 

Output signals from control port 1 are used to control 
the special hardware. The FORMAT signal is active 
when formatting a track. The READ signal is active 
when reading an ID or data field. The WRITE signal is 
active w hen wri ting an ID or data field. The 
CHAN1/CHAN2 signal enables generation of the pro- 
per DMA request (DRQ) signal. The ENB___XCVR 
signal enables transceivers when reading or writing sec- 
tor data or disables them when comparing an ID field. 
The SEL__INDEX signal selects the drive's INDEX or 
SECTOR pulse for terminating dummy DMA transfers. 

Output signals from control port 2 are transmitted 
to the disk drive. The head select (HEAD1, HEAD2, 
HE AIM, and HEAD8), drive select (DRIVE1), seek 
track (DIRECTION and STEP), and 

FAULT CLEAR signals are generated by control port 

2. 

The status port receives signals from the special hard- 
ware and the disk drive. From the special hardware 
are COMPARE_STATUS and CRC__ERROR which 
indicate the status* of the ID field compare and data 

read, respectively. The SEEK COMPLETE, 

DISK READY, TRACK00, and WRITE FAULT 

signals are from the SA4008. 

The interface with the disk drive involves both digi- 
tal and analog signals. All control signals are digital 

while the READ__DATA, WRITE DATA, 

PLO__CLOCK, and WRITE_CLOCK are differential 
signals. Control signals from the drive are resistor ter- 
minated and conditioned with 7414 schmitt-trigger in- 
verters. The control signals to the drive are driven with 
7406 open-collector inverting drivers. The 

READ DATA and PLO__CLOCK inputs are received 

with a 75115 dual differential receiver while the 

WRITE DATA and WRITE__CLOCK outputs are 

driven with a 75114 dual differential driver. 

A 16-bit ring counter is used to provide bit resolution 
timing. Only one of the sixteen outputs is active at any 
time. As 16-bit words are being serially received from or 
transmitted to the drive, the active ring counter output 
corresponds to a bit received or transmitted. When data 
is received from the drive, output 0 (BRO) corresponds 
to bit 0 of the received word, BR7 to bit 7, and BR15 to 
bit 15. When data is transmitted to the drive, BR8 cor- 
responds to bit 0 of the transmitted word, BR15 to bit 7, 



and BR7 to bit 15. The different relationships between 
received and transmitted words are a result of simplified 
ready circuitry (to be discussed later). 

The ring counter is implemented with a 74193 binary 
up/down counter and a 74154 four-to-sixteen decoder. 
The drive's PLO clock is used as the count input signal. 
The ring counter is reset whenever a SECTOR pulse or a 
synch character is detected allowing BRO to be activated 
on the next count. A ring counter provides a great deal 
of design flexibility. Disk control actions can be fine 
tuned with the availability of 16 outputs. Some of these 
key actions are reading from and writing to the serial/ 
parallel conversion circuitry, generating ready and 
DMA request signals, and transmitting and checking 
CRC words. 

An 8254 programmable interval timer provides timing 
delays. The 8254 must be used, rather than an 8253, due 
to the short output pulse widths (approximately 140 
n,sec) of the ring counter. The 8254 has three inde- 
pendent 16-bit counters which are initialized by the soft- 
ware to operate in the hardware triggered strobe mode 
(mode 5). Each counter accepts CLK and GATE inputs 
and provides a single OUJ output. Each counter's 
count register is initialized with a count value and when 
the GATE input is activated, the count register is decre- 
mented with each CLK pulse received. When the count 
register is decremented to zero, a pulse is generated on 
the OUT output. 

The three 8254 output signals are designated CNTRO, 
CNTR1, and CNTR2 and are associated with their 
respective counter. Details of the time delays are dis- 
cussed later. In general, CNTRO signals the start of an 
ID field during the format track operation or the start 
of a data field during the write data record operation. 
CNTR1 signals the end of the DMA transfer when the 
format track operation writes the ID field, when the 
write data record operation writes the data field, or 
when the read data record operation reads the data 
field. During both the read or write data record opera- 
tions, CNTR2 signals the end of the DMA transfer used 
to compare the ID field (sector search). 

When the 8254's counter 0 times out, the 

CNTRO DETECT flip-flop is set. The 

CNTR0___DETECT signal enables the 8089's DMA 
transfer (write ID field or data field) and is reset by 
channel l's task t program at the completion of the 
transfer. 

A synch character (OFH for ID field and ODH for data 
field) must be detected to begin comparing an ID field 
or reading a data field. Only a single AND gate is re- 
quired to detect the synch character since the 
DRIVE_JIEAD__GATE signal is activated when the 
read/ write heads are over a gap written with zeros. 
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Upon detection, the SYNCH DETECT flip-flop is set. 

The SYNCH DETECT signal enables the 8089's DMA 

transfer (write desired ID information or read data 
field) and is reset by channel l's task program at the 
completion of the transfer. 

When an I/O device's transfer rate approaches the 
8089' s maximum transfer rate (1 .25 megabytes/sec), the 
DMA request (DRQ) input cannot be used to synchro- 
nize each byte or Word transferred due to the 1 .2 /tsec 
maximum (at 5 MHz) latency of this input. The disk 
controller uses the 8089's ready signal (and wait states) 
to synchronize the SA4008's 889 kilobyte/sec transfer 
rate with the 8089's transfer rate. The DRQ inputs are 
used to enable DMA transfers while the ready signal is 
used to synchronize individual word transfers. Channel 
l's DMA request signal, DRQ1, is activated when 
CNTR0_JDETECT becomes valid (write ID field or 

data field) or 8 bit times after SYNCH DETECT 

becomes valid (read data field). The 8-bit delay time 
allows the first word to be converted from serial to 
parallel before the 8089's DMA transfer begin. Channel 
2's DMA request signal,' DRQ2, is also activated 8 bit 
times after SYNCH__DETECT becomes valid (write 
desired ID information). DRQ1 and DRQ2 are deacti- 
vated by the task program upon completion of the 
DMA transfer. 

The 8284A clock generator synchronizes ready signals 
from two buses. RDY1 is the ready signal from the 
Multibus and RDY2 is the ready signal from the local 
bus. Both ready inputs are normally inactive. When ac- 
cessing memory or I/O devices, one ready input is acti- 
vated to complete the bus transfer cycle. Depending on 
when the ready input is activated, wait states may or 
may not be inserted. In the disk controller, the 8089 may 
require wait states only when accessing the 16-bit disk 
data port. Wait states are not required when accessing 
other I/O devices or memory devices on the local bus. 
For these devices requiring no wait states, RDY2 is gen- 
erated by the I/O read or write command. 

Accessing the disk data port may require wait states to 
synchronize 8089 transfers with the drive. For this case, 
BRO is used to set a flip-flop. The flip-flop's output 
enables RDY2 generation by the I/O read or write com- 
mand. This ensures that previous data has been trans- 
ferred to or from the serial/parallel converter before 
writing to the output buffer or reading the input buffer, 
respectively. Using only BRO involved changing the rela- 
tionships between ring counter outputs and actual data 
bits transmitted to the drive. A transmitted bit 0 cor- 
responds to BR8 while a received bit 0 corresponds to 
BRO. This is required since a transmitted word must be 
preloaded into the output buffer (at data bit 8 time) 
before being transferred to the serial/parallel converter 
(to prevent underrun errors). On the other hand, a 



received word must be transferred from the serial/ 
parallel converter to the input buffer before being read 
(at data bit 0 time). The input and output buffers are 
described later. 

The external DMA termination signals, EXT1 and 
EXT2, are used to terminate dummy DMA transfers. 
EXT1 is generated whenever the 8254' s counter 2 times 
out (signifying the end of ID field comparison) or when- 
ever the drive's SECTOR or INDEX pulse is detected. 
The SEL__INDEX signal which is controlled by the task 
program selects which pulse generates EXT1 (0 for 
SECTOR and 1 for INDEX). This allows the SECTOR 
or INDEX pulse to terminate the dummy DMA 
transfer. EXT2 is also generated by either the SECTOR 
or INDEX pulse, qualified with SEL INDEX. 



Data Transfer 

The data transfer section (Fig. 23) provides serial/ 
parallel conversion, ID field comparison, and CRC 
generation and checking functions. Serial/parallel con- 
version is performed with a 16-bit shift register imple- 
mented with two 74S299 8-bit shift registers. Data read 
from the drive is converted from serial to parallel while 
data written to the drive is converted from parallel to 
serial. 

A double buffered technique is used here. A 16-bit input 
buffer receives read data from the shift register and a 
16-bit output buffer transmits write data to the shift 
register. Each buffer is implemented with a pair of 8282 
octal latches. Two 8286 octal transceivers provide the 
interface between the local data bus and the input and 
output buffers. These transceivers are enabled when 
writing an ID field or a data field or when reading a data 
field. They are disabled during the ID field comparison. 

The 16-bit comparator is implemented with four 74LS85 
4-bit comparators and one 4-input NAND gate. During 
the ID field comparison, the transceivers are disabled 
allowing the input buffer which contains the ID infor- 
mation read from the disk to drive one. input of the 
16-bit comparator while the ID information written by 
the 8089 drives the other input. The comparator output 
is sampled during each 16-bit comparison. The first mis- 
match is latched (until reset) for channel l's task pro- 
gram to examine later. This permits the length of the ID 
field to be any multiple of words. 

The input buffer, output buffer, and comparator are 
all accessed via port 4000H. The CRC circuitry uses a 
9401 CRC generator/checker strapped to use the CRC- 
CCITT polynomial, X 16 + X 12 + X 5 + 1. Immediately 
after reading the CRC word, the 9401 's error output is 
latched allowing channel l's task program to examine 
the CRC error status later. 
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VI. HARDWARE OPERATION 

Now that an overview of the four disk control opera- 
tions and the details of the hardware components have 
been presented, the detailed disk control operations will 
be discussed. The interaction of hardware components, 
the relative timing of signals, and the data flow are 
described for the format track, write data record, and 
read data record operations. The seek track operation is 
primarily implemented with software. The channel 1 
and 2 task programs are discussed in the section on soft- 
ware operation. This discussion is focused on how the 
hardware operates. While reading the detailed descrip- 
tion, it may be helpful to refer to the hardware 
schematics (Figs. 21, 22, and 23). 

Format Track 

The format track operation is preceded by a seek track 
operation where the proper cylinder is accessed and the 
proper head is selected. Upon detecting the INDEX 
pulse, the format track operation writes the ID data for 
30 sectors and writes zeros everywhere else including the 
data field areas. Channel 1 controls the entire operation 
without assistance from channel 2. 

The overall timing of the format operation is shown in 
Figure 24. The INDEX and SECTOR signals from the 

drive and the WRITE GATE signal to the drive are 

shown. Also presented are the signals controlled by 
channel l's tas k program— FORMAT, WRITE, 
CHAN1/CHAN2, and ENB__XCVR. In addition, the 
activity of the 8254* s counters is shown. 

Channel 1 begins the format track operation by initial- 
izing the 8254 counters and its DMA registers used to 
transfer the ID data to the drive. The FORMAT signal 
is activated and a dummy DMA transfer is started to 
wait for the INDEX pulse. When the INDEX pulse is 
detected (Fig. 24), the hardware activates the 

WRITE GATE signal and zeros are written on the 

track. A SECTOR pulse which coincides with the IN- 
DEX pulse starts counter 0. Counter 0 provides the time 
delay from the SECTOR pulse to the start of the ID 
field and indicates when to start writing the ID data. 
This provides the proper-sized gap between the SEC- 
TOR pulse and ID field. 

Detection of the INDEX pulse also resumes c hannel l's 
program execution and the WRITE, CHAN1/CHAN2, 



and ENB__XCVR signals are activated (Figs. 24 and 
25). Next the destination synchronized DMA transfer is 
started, the synch character word is prefetched from 
memory, and channel 1 waits for DMA request. 

When counter 0 times out, the CNTR0_DETECT flip- 
flop is set (Fig. 25). CNTRO DETECT is transmitted 

to the 8089's DMA request input, DRQ1. This starts the 
8089 bus cycle which writes the synch character to the 
output buffer. CNTR0_DETECT is also transmitted 
to counter l's gate input, GATE1 , which allows counter 
1 to start counting BR3 ring counter pulses. Counter 1 
provides the time delay from the start to the end of the 
ID field and indicates when to append a CRC word. 

The WRO signal is activated when the 8089 writes to the 
output buffer or the hardware comparator and is used 
by the ready circuitr y to g enerate RDY2A. RDY2A is 
activated by BRO or WRO, whichever occurs last. This 
ensures that previous data has been transferred from the 
output buffer to the shift register before writing new 
data to the output buffer. When RDY2A is activated, 
the write bus cycle completes and the synch character is 
latche d in the output buffer with the rising edge of 
WRO. The synch character is next loaded into the shift 
register with BR7 and written to the drive. 

The DMA activity repeats until four words haye been 
transferred— synch character, first ID word, second ID 
word, and zero word. As the zero word is being written, 
counter 1 times out after counting four BR3 pulses. The 

TRANSMIT CRC flip-flop latches CNTR1 with BR8 

and remains active for one word time. The active 

TRANSMIT CRC signal allows a CRC word to be 

serially transmitted to the drive from the 9401 CRC 
generator/checker. When TRANSMIT CRC goes in- 
active, zeros are shifted out of the shift register to the 
drive. Zeros are written on the track until the next ID 
field since WRITE_GATE is held active until all 30 ID 
fields have been written. 

After the four word DMA transfer, channel 1 initializes 
DMA registers in preparation for writing the next sec- 
tor's ID data and starts a dummy DMA transfer to wait 
for the next SECTOR pulse. The same procedure is re- 
peated until ID data has been written for all 30 sectors. 
The format track operation concludes with channel 1 
deactivating FORMAT, WRITE, CHAN1/CHAN2, 
and ENB__XCVR. The FORMAT signal deactivates 
WRITE^GATE which stops writing zeros to the drive. 
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Figure 24. Format Track Operation 
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Figure 25. Write ID Field 
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Write Data Record 

The write data record operation consists of two 
phases— sector search and write data field. Channel l's 
task program supervises this operation with assistance 
from channel 2. The sector search phase begins with the 
first complete sector that passes under the read/write 
heads and ends either when the desired sector is located 
or when all 30 sectors on the track have been compared 
without a match. If no match occurs, channel 1 aborts 
the operation and reports the error to the host pro- 
cessor. Upon locating the desired sector, the write data 
field phase begins. Two types of DMA transfers are per- 
formed during the write data record operation— channel 
2 transfers the desired ID field information to the 16-bit 
comparator and channel 1 transfers the data record to 
the drive. 

The overall timing of the write record operation is 
shown in Figure 26. The drive signals (SECTOR, 
RE AD_G ATE , and WRITE__GATE), signals con- 
trolled b y 8089 task programs (READ, WRITE, 
CHAN1/CHAN2, and ENB_XCVR), and activity of 
the 8254 counters are displayed. 

Channel 1 begins the write data record operation by ini- 
tializing the 8254 counters and its DMA registers used to 
transfer the data record to the drive. Next channel 1 
starts channel 2, initiates a dummy DMA transfer, and 
executes idle cycles. Channel 2 begins execution and ini- 
tializes its DMA registers used to transfer the desired ID 
data to the 16-bit comparator. Next channel 2 starts a 
dummy DMA transfer to wait for a SECTOR pulse. 

When the SECTOR pulse is detected (Fig. 26), channel 2 
activates the READ signal. The destination synchro- 
nized DMA transfer is started, ID word 1 is prefetched 
from memory, and channel 2 waits for DMA request. 
The READ signal activates the drive's READ__GATE 
signal and the synch character detection circuitry reads 
data from the track. When the synch character is 

detected, the SYNCH DETECT flip-flop is set (Fig. 

27). The SYNCH__DETECT signal is used to start 
counters 0 and 2 (Figs. 26 and 27). Counter 2 provides 
the time delay from the start to the end of the ID field 
and indicates when to check for CRC errors. Counter 0 
provides the time delay from the start of the ID field to 
the start of the data field and indicates when to start 
writing the data field. This provides the proper-sized 
gap between the ID and data fields. 

SYNCH DETECT also allows the DMA request 



signal, DRQ2, to be activated with BR7. This starts the 
8089 bus cycle which writes ID word 1 to one input of 
the 16-bit comparator. BR14 is used to generate the 

LOAD INPUT BUFFER signal which latches the 

drive's ID word 1 in the input buffer (from the shift 
register). The input buffer drives the other comparator 

input. Note that the ENB XCVR signal is inactive and 

the transceivers between the local data bus and the 
double-buffered serial/parallel converter are off. 
CNTR0__DETECT is also inactive which deactivates 
the output buffer. 

The ready circuitry operates in an identical way as dur- 
ing the format operation. When RDY2A is activated, 
the write bus cycle completes and the COM- 
PARE —STATUS is latched with the rising edge of 
WRO. The COMPARE_STATUS flip-flop keeps the 
first mismatch latched until reset. 

Counter 2 was set up to count three BR7 pulses. After 
both ID words have been compared, counter 2 times 
out. The CNTR2 signal allows the 9401 CRC generator/ 
checker's error output to be latched in the CRC ER- 
ROR flip-flop with BR7. Channel 2 halts after the DMA 
transfer. The CNTR2 signal is also used to activate 
channel l's external terminate input, EXT1. Channel 1 
resumes execution, examines the COM- 

PARE STATUS and CRC__ERROR flip-flops, and 

deactivates the READ signal. 

Upon detecting a match without CRC error, channel 1 
begins th e write da ta field phase by activating WRITE, 
CHAN1/CHAN2, and ENB^XCVR (Fig. 26). The 
destination synchronized DMA transfer is started, the 
synch character word is prefetched from memory, and 
channel 1 waits for DMA request. When counter 0 times 
out, CNTR0__DETECT is activated and counter 1 is 
started. Counter 1 provides the time delay from the start 
to the end of the data field and indicates when to ap- 
pend a CRC word. CNTR0__J)ETECT is also transmit- 
ted to the 8089's DMA request input, DRQ1, which 
starts the data record transfer to the drive (Fig. 28). The 
data record is written on the track almost identically to 
the way that the ID data is written on the track during 
the format track operation. The only hardware opera- 
tional difference is that more words are written on the 
track for the data record than for the ID field. The 
earlier discussion explains the operation of Figure 28 
and therefore will not be repeated here. The write data 
record operation c oncludes with channel 1 deactivating 
WRITE, CHAN1/CHAN2, and ENB__XCVR. 
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Figure 26. Write Data Record Operation 
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Figure 28/ Write Data Field 



Read Data Record 

The read data record operation (Fig. 29) is similar to the 
write data record operation. Although counter 0 is acti- 
vated, it is not used during this operation. The sector 
search activity by channel 1 and 2 is identical to that of 
the write record operation. Only channel l's activity 
after locating the desired sector is different. Channel 1 
reads the data record instead of writing it. 

After the desired sector is located without a CRC error, 
channel 1 begins t he read d ata field phase by activating 
READ, CHAN1/CHAN2, and ENB__XCVR. The 
source synchronized DMA transfer is started and chan- 
nel 1 waits for DMA request. The READ signal acti- 
vates the drive's READ GATE signal and the synch 

character detection circuitry reads data from the track. 
When the synch character is detected, the 

SYNCH DETECT flip-flop is set (Fig. 30). The 

SYNCH DETECT signal is used to start counter 1. 

Counter 1 provides the time delay from the start to the 
end of the data field and indicates when to check for 
CRC errors. 

BR14 is used to generate the LOAD_JNPUT___ 



BUFFER signal which latches the first data word in the 
input buffer (from the shift register). SYNCH__ 
DETECT also allows the DMA request signal, DRQ1, 
to be activated with BR7. This starts the 8089 bus cycle 
which reads the first data word from the input buffer. 

The RDO signal is activated when the 8089 reads the in- 
put buffer and is used by the ready circuitry to ge nerate 
RDY2A. RDY2A is activated by BRO or RDO, 
whichever occurs last. This ensures that data has been 
loaded into the input buffer before reading it. Recall 
that during the format and w rite record o perati ons, the 
ready circuitry used WRO instead of RDO. When 
RDY2A is activated, the read bus cycle completes and 
the 8089 stores the data word in memory. 

The DMA activity repeats until all data words have been 
read. Counter 1 times out and CNTR1 allows the 9401 
CRC generator/checker' s error output to be latched in 
the CRC„_J}RROR flip-flop with BR7. The DMA 
transfer terminates and channel 1 examines the 
CRC__ERROR flip-flop. The read data record opera- 
tion concludes w ith channel 1 deactivating READ, 
CHAN1/CHAN2, and ENB__XCVR. 
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Figure 29. Read Data Record Operation 



TRACK DATA OH | SYNCH | WORD 1 | (ft | WORD N 



CRC I OH 



READ J" 

CHAN1/CHAN2 f ~ 



ENB_XCVR P 

SYNCH DETECT 

LOAD_INP0T_BUFFER 

DRQt 

^RDY2A m __ 
RDO 



WORD 1/ t WOR I 




WORD 1/.. WORDN-V WORD N 



GATE1 SYNCH DETECT <fr " 



1 2 N N+1 

clki si 3 n ru n_ 



CNTR1 ^ 



LATCH CRC ERROR 



WORD 1 WORDN-1 WORD N CRC ZEROS 

_JL_4wJl fl_ fl fl_ 



Figure 30. Read Data Field 
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VII. SOFTWARE DESIGN 

The host processor communicates with and starts only 
channel 1 and subsequently channel 1 starts channel 2. 
Although the 8089's architecture and the controller 
hardware permit the host processor to control and start 
both channels, this design restricts the host's interac- 
tions with channel 1 . 

In a previous section, the linked blocks of the memory- 
based communication structure are described. The 
system configuration pointer and the system configura- 
tion block are used only during 8089 initialization after 
reset. The channel control block (CB) is used for 8089 
initialization and to control channel operation. Before 
starting channel operation, the host processor initializes 
the channel control word and the parameter block offset 
and segment base in the proper half of the channel con- 
trol block (Fig. 8). This section describes the parameter 
and task blocks used in the disk controller design. 

Parameter Blocks 

The parameter block for channel 1 is shown in Figure 
31. The TBI offset points to channel l's task program 
which resides in local memory. If the task program 
resides in system memory, such as during initial debugg- 
ing, TBI segment base is also used to generate the 
pointer. Note that the 8089's architecture requires that 
the first parameter in the PB be the task program's ad- 
dress. All other parameters are user-defined allowing 
parameters to be tailored for a specific I/O task. Other 
PB1 parameters that are passed to the 8089 in this appli- 
cation are the data buffer's address, function, cylinder, 



head, sector and pointers to the CB and PB2. The only 
parameter passed back to the host is status. 

Normally the host processor starts channel 2 and is 
responsible for initializing parameters in the CB and 
PB2. In this design channel 1 starts channel 2. The CB 
and PB2 pointers received from the host in PB1 allow 
channel 1 to initialize the proper parameters before 
starting channel 2. 

In this disk controller design, channel 2 is essentially a 
slave of channel 1. Prior to starting channel 2, channel 1 
initializes channel 2's CCW and PB2 offset and segment 
base in the second half of the channel control block. 
Next channel 1 initializes three parameters in channel 
2's parameter block (Fig. 32). The first parameter is the 
address of channel 2's task program. The function code 
and the data buffer's address are the other two param- 
eters. Although parameter block 2's structure allows the 
task program and data buffer to reside in system or 
local memory, this design places them both in local 
memory. Therefore, only TB2 offset and data buffer of- 
fset are initialized by channel 1 and the segment bases 
are not used. Channel 2 provides no status information 
back to channel 1 via parameter block 2. 
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Figure 32. Channel 2 Parameter Block 



Software Organization 

The disk controller software is organized as several 
modules with a three-level hierarchy (Fig. 33). When the 
8089 receives a channel attention from the host pro- 
cessor, module TBLK1 begins execution (level 1). Con- 
trol is next transferred to one of the level 2 modules (IN- 
IT, SEEK, FMAT, WDATA, or RDATA) based on 
which function was specified in the parameter block. 
For read or write data record functions, TBLK2, which 
is the lone level 3 module, is also executed. 

The details of each software module are now described. 
While reading the detailed description, it may be helpful 
to refer to the ASM89 assembly language source code in 
Appendix B. 
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Figure 31. Channel 1 Parameter Block 
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Figure 33. Disk Controller Software Organization 



Control Program (TBLK1) 

After the host processor initializes parameters in the 
channel control and parameter blocks, a channel atten- 
tion is generated which starts module TBLK1. Registers 
GA and GC are first initialized. GA is used as a pointer 
to the start of local RAM and GC is used as a pointer to 
COntro1 Port 1. The FORMAT, READ, WRITE, 

CHAN1/CHAN2, ENB___XCVR, and SEL INDEX 

control signals are generated by writing to control port 
1. In general, the controller software uses GA as a base 
pointer when accessing variables in local memory and 
GC as a base pointer when accessing I/O ports. 

Next TBLK1 examines the function code in the param- 
eter block to determine which function has been speci- 
fied. A unique bit in the function code is used to specify 
each of the five functions. This allows the 8089's bit test 
and branch instructions to be used. If a valid function is 
specified, control is transferred to the proper level 2 

module. If not, the BAD CODE error bit in the 

parameter block's status word is set, the host is inter- 
rupted, and channel 1 halts. 

Initialization (INIT) 

The initialization module, INIT, is used to place the 
controller in a known state after applying power to the 
system. It is also used to reset the drive's write fault 



signal. Control ports 1 and 2 are first cleared and then 
the drive select line is activated. Any pending write 
faults are reset. The heads are next positioned over 
cylinder 0 and the three 8254 counters are initialized in 
preparation for other disk drive operations. Counter 0 is 
initialized to count 8 pulses, counter 1 to count 4 pulses, 
and counter 2 to count 3 pulses. Finally, the host is in- 
terrupted and the channel halts. 

Seek Track (SEEK) 

The seek track module, SEEK, is used to position the 
heads over a specified cylinder and to select one of the 
eight read/ write heads. This module first checks if the 
controller is initialized. Since INIT selects the drive, an 
^active ready signal from the drive indicates that the con- 
troller has been initialized. If not initialized, the 

NOT READY error bit in the status word is set, the 

host is interrupted, and the channel halts. In order to 
minimize unnecessary accesses to Multibus, a status 
word in local memory is updated as errors are encoun- 
. tered. Prior to halting, a module will copy this local 
status word to the parameter block in Multibus's shared 
memory. 

If the drive is initialized, execution of the SEEK module 
continues. The cylinder and head values are copied from 
the parameter block to local memory. These variables 
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are stored in local memory to minimize Multibus access. 
The cylinder and head values are checked to determine 
whether they exceed the maximum values of the drive. If 

one or both does, the BAD CYLINDER and/or 

BAD HEAD error bits are set and the channel halts. 

With valid input parameters, head movement is next 

determined using a local variable, PRESENT CYL, 

which specifies which cylinder is presently being ac- 
cessed. By subtracting the present cylinder value from 
the new cylinder value, the head movement is deter- 
mined. A zero result means no movement, a positive 
resul,t means inward movement, and a negative result 
means outward movement. A non-zero result also speci- 
fies how many cylinders inward or outward the set of 
heads must be moved. Although the 8089 does not have 
a subtract instruction, the subtract operation is easily 
implemented by complementing the subtrahend before 
adding it to the minuend. If head movement is 
necessary, the drivel direction line is activated (1 for in- 
ward and 0 for outward) and a string of pulses equal to 
the number of cylinders to be moved is transmitted to 
the drive. 

Next the PRESENT__CYL variable is updated and a 20 
msec delay loop is executed. This delay is required by 
the drive to allow the head positions to stabilize. 
Finally, the host is interrupted and channel 1 halts. 

Format Track (FMAT) 

Before information can be stored on a track, the ID 
fields must be written. This is the function of the format 
track module, FMAT. Similar to the SEEK module, 
controller initialization is first checked. Next the count 
registers for the 8254 counters 0 and 1 are initialized to 8 
and 4, respectively. A format table is generated which 
contains fpur words of information that are written on 
the track for each of the 30 sectors. The four words con- 
tain the ID synch character, cylinder number, head and 
sector numbers, and a word of zeros. The zero word is 
used to write zeros on the track between ID fields. This 
area contains the gap between ID and data fields, the 
data field, the gap after the data field, and the gap after 
the subsequent SECTOR pulse. Only one zero word is 
needed since the 16-bit shift register continues to shift 
out zeros until it is reloaded. 

The format table is generated in three steps: an array 
containing the 30 interleaved sector numbers is con- 
structed, the head number is loaded into the upper half 
of the MC register, and then four words for each sector 
are assembled in the table. Loading the head number in- 



to MC's upper half is effectively done by shifting the 
data from MC's lower half to its upper half. Although 
the 8089 has no shift instruction, the shift left operation 
can be implemented by adding a number to itself. Shift- 
ing the head number left 8 bits is easily accomplished 
with a loop containing just a few lines of code. 

After the format table has been constructed, the infor- 
mation is written to the drive using high speed DMA 
transfers. Channel 1 performs the entire format opera- 
tion without assistance from channel 2. Dummy DMA 
transfers are used to synchronize the format operation 
with INDEX or SECTOR pulses received from the 
drive. The byte count (BC) register is initialized with the 
actual byte count plus two since the dummy DMA trans- 
fer decrements BC (refer to the section on Special 
Design Considerations). After the synchronization 
signal is received, four words from the format table are 
written on the track with DMA transfers. The first sec- 
tor's ID field is written after the INDEX pulse is 
detected and the ID fields of the remaining 29 sectors 
are written after SECTOR pulses are detected. 

After each of the 30 ID fields has been written on the 
track, the drive's write fault signal is examined. If a 

fault is detected, the BAD WRITE error bit is set and 

the channel halts. If no faults are detected, the channel 
halts after all 30 ID fields have been written. 

Write Data Record (WDATA) 

The WDATA module begins execution whenever a data 
record is written to the drive. Channel 1 begins by 
transferring the desired sector's ID information from 
the parameter block to a local memory buffer. This 
local buffer will be used by channel 2 during the ID field 
compare. The sector number is checked to determine 
whether it exceeds the maximum value. If so, the 

BAD SECTOR error bit is set and channel 1 halts. If 

no error is detected, the 8254's count registers for 
counters 0 and 1 are initialized to 21 and 258, 
respectively. 

Channel 1 next enters the DMA mode and transfers the 
data record from the system memory buffer to a local 
memory buffer. The data synch character is inserted in- 
to this local buffer before the data record and a zero 
word is inserted after the data record. The zero word 
causes zeros to be written after the data record and CRC 
word. 

Preparation for starting channel 2 is next performed. 
Channel 2's half of the channel control block is loaded 
with the channel control word to start task program exe- 
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cution in local memory and with the offset and segment 
base values of parameter block 2' s address. Channel 2's 
task program address, the function code for compare 
ID field, and the address of the buffer containing the 
desired sector's ID information are then loaded into 
channel 2's parameter block. Next channel l's registers 
for the write data record DMA transfer are initialized, a 
channel attention signal to start channel 2 is generated, 
and channel 1 starts a dummy DMA transfer. Note that 
two must be added to BC since it is decremented during 
the dummy DMA transfer. 

Channel 1 now idles while channel 2 detects a SECTOR 
pulse and transfers the desired sector's ID information 
to the 16-bit comparator. As channel 2 completes its 
DMA transfer and halts, counter 2 times out which ter- 
minates channel l's dummy DMA transfer. Channel 1 
resumes execution and examines the compare status and 
CRC error flip-flops simultaneously. This is accom- 
plished using the 8089*8 jump if masked compare not 
equal (JMCNE) instruction which uses the MC register 
to test both flip-flop outputs and jumps if a mismatch 
and/or CRC error is detected. If a match without CRC 
error is detected, channel 1 enters the DMA mode and 
writes the data record on the disk. 

If a mismatch and/or CRC error is detected, the CRC 
error flip-flop is checked individually. The detection of 
a CRC error causes the BAD_JD_CRC error bit to be 
set and the channel to halt. Detecting no CRC error 
means that only a mismatch occurred. In this case, the 
next sector's ID field is compared by starting channel 2 
again. 

Assuming that no CRC errors are detected, the sector 
search is repeated until a match is found or all 30 ID 
fields have been compared, whichever comes first. This 
technique allows the sector search to begin with the first 
complete sector encountered rather than starting at the 
beginning of the track when the INDEX pulse is 
detected. 

After detecting a match and writing the data record on 
the track, the drive's write fault signal is examined. The 

BAD WRITE error bit is set if a fault is detected. 

Otherwise, channel 1 halts. For the case where all 30 sec- 
tors have been searched and the desired sector is not 

found, the BAD SEARCH error bit is set and channel 

1 halts. 

Read Data Record (RDATA) 

Whenever a data record is to be read from the drive the 
RDATA module is executed. Much of the actions per- 
formed by this module are identical to that of the 



WDATA module. Channel 1 also begins by transferring 
the desired sector's ID information from the parameter 
block to a local memory buffer, checking the sector 
number, and initializing the 8254 count registers. Iden- 
tical action continues by updating channel 2's com- 
munication blocks, initializing channel l's registers for 
the DMA transfer, generating a channel attention signal 
to start channel 2, and starting a dummy DMA transfer. 
Since the read data record DMA transfer is source 
synchronized, the BC register is not modified during the 
dummy DMA transfer and therefore no adjustment is 
needed when initializing BC. 

Channel 2 next performs the ID field compare and 
halts. Channel 1 resumes execution when counter 2 
times out. Identically with WDATA, channel 1 exam- 
ines the compare status and CRC error flip-flop simul- 
taneously. Detecting a match without CRC error causes 
channel 1 to enter the DMA mode and read the data 
record. The CRC error flip-flop is again examined and 
if no error is detected, the data record just read into a 
local memory buffer is transferred to the system 
memory buffer with DMA transfers and channel 1 
halts. If a CRC error was detected during the reading of 

the data record, the BAD DATA CRC error bit is set 

and channel 1 halts. 

Detection of a mismatch and/or CRC error after the ID 
field compare causes the CRC error flip-flop to be 
checked individually. Encountering a CRC error will set 
the BAD__JD_CRC error bit and halt channel 1. 
Otherwise channel 1 will repeat the sector search until a 
match is found, all 30 ID fields are compared, or a CRC 
error is detected. Any one of these conditions will cause 
channel 1 to read the data record and halt or set an error 
bit and halt. 

Compare or Read ID (TBLK2) 

Channel 2's task program, TBLK2, is executed when- 
ever the ID field is compared or read. Note that the code 
to read the ID field is included in TBLK2 but is not used 
in this version of the software. Channel 2 begins by 
reading the function code to determine whether to com- 
pare the ID field or to read it. In either case, the major 
actions are similar. Channel 2's DMA registers are ini- 
tialized, a dummy DMA transfer is started to wait for 
the SECTOR pulse, the data transfer DMA mode is 
entered, and finally channel 2 halts. During an ID field 
compare, the data transfer DMA mode writes informa- 
tion to the 16-bit comparator while during an ID field 
reaU, information is read from the serial/parallel con- 
version circuitry. The BC register must be adjusted dur- 
ing the ID compare but not during the ID read. 
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VIII. POSSIBLE ENHANCEMENTS 

As discussed earlier, the main purpose of this applica- 
tion note is to present basic design information on im- 
plementing a disk controller with the 8089 I/O pro- 
cessor. Although the design described here does not ex- 
hibit many intelligent features, the controller does allow 
software enhancements to provide the desired features. 

The present design requires a separate track seek opera- 
tion before a read or write data record operation. Ad- 
ding the capability to perform the seek operation prior 
to reading or writing the data record is simple. Separate 
bits in the function code word are used to specify each 
function. This allows the host to select multiple func- 
tions. Recall that the function code is included in the 
parameter block and is initialized by the host processor. 

The SEEK software module can be modified to examine 
the read and write function code bits after completing 
the seek operation. If only one function (read or write, 
but not both) is specified, control is transferred to the 
proper module, either RDATA or WD ATA. Otherwise, 
an error bit is set and the channel halts. Note that this 
same technique can be used to perform a seek operation 
prior to the format track operation. 

Another possible enhancement is the ability to retry an 
operation when a CRC error is detected. This feature 
applies whenever the ID field (during sector search) or 
data field (during read data record) is read. The soft- 
ware can be modified to reposition the heads at the fail- 
ing sector (by counting SECTOR pulses) and retry the 
search or read operation. If several more CRC errors 
are detected, the operation is terminated, an error bit is 
set, and the channel halts. The number of retries can be 
preset in the task program or received as a variable from 
the host processor via the parameter block. 

The ability to transfer multiple sectors of data is another 
desirable feature. A new variable called record count 
must be added to the parameter block. Sequential logi- 
cal sectors are transferred from the starting logical sec- 
tor specified in the parameter block. As many sectors as 
specified by the record count are transferred. This could 
also include head switching from one track to another 
(without a seek operation) to access data across track 
boundaries. 

The transferred data is buffered in local memory and 
the interleaved scheme allows two physical sector times 
for the 8089 to transfer the data from system memory to 
local memory (write operation) or from local memory to 
system memory (read operation). Data is transferred to 
or from the multiple sector system memory buffer start- 
ing at the location specified by the parameter block 
variables. Another parameter block variable may be 



created which returns the last sector number transferred 
to the host. This information can be used by the host 
during an error to determine how many sectors were 
successfully transferred. 

The ability to perform linked operations might be 
useful. For example, a track seek and the reading of five 
data records can be followed by another track seek and 
the writing of two data records. To include this feature, 
the parameter block could be modified to pass a set of 
parameters for each operation or multiple parameter 
blocks could be linked together. Variables such as func- 
tion code, data buffer's address, cylinder, head, sector, 
record count, status, and last sector transferred are pro- 
vided for each operation. As many sets of parameters as 
desired can be specified. The controller software would 
sequence through these sets of parameters, perform the 
required operations, and halt when a special function 
code, such as one with no functions selected, is detected. 

It was pointec| out earlier that the controller hardware 
includes provisions for reading the ID field. In addition, 
the software module TBLK2, channel 2's task program, 
can either compare the ID field or read it, depending on 
the function code that channel 1 provides. Therefore, 
the software can be modified to read the ID field infor- 
mation and verify track position. The 30 ID fields can 
also be read to verify a format track operation. In addi- 
tion, sophisticated access methods which require read- 
ing the ID field may be implemented. 

Another enhancement is to verify a data record just 
written to the drive. Here the same circuitry used to 
compare ID fields is used to compare data fields. The 
good data is written to one input of the hardware com- 
parator while data read from the drive is applied to the 
other input. The first mismatch is latched in the com- 
pare status flip-flop for examination later. 

The software can also be enhanced to manage a file 
structure. The host processor would refer to data rec- 
ords by logical file names rather than physical disk loca- 
tions (cylinder, head, and sector). By maintaining a disk 
directory, the software would determine where the 
record is located or will be located and perform the data 
record access. The 8089's general instruction set, 
although oriented towards I/O processing, supports 
data processing of this complexity. 

The 8089's flexible memory-based communication 
structure allows enhancements to be easily imple- 
mented. Modifying the parameter block to accommo- 
date any additional parameters is a simple task. All 
variables in the parameter block except for the task pro- 
gram address are defined by the user based on the I/O 
processing task to be performed. 
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IX. CONCLUSIONS 

This application note has provided a detailed descrip- 
tion of a hard disk controller design based on the Intel 
8089 I/O processor. The features provided by the 8089 
make it well suited for disk control applications. The 
1 .25 megabyte/sec DMA transfer rate allows interfacing 
with high speed Winchester disk drives. The two chan- 
nels provided in a single 40-pin package permit back-to- 
back DMA transfers in rapid succession to minimize 
gaps between the ID and data fields and provide a 
higher formatted drive capacity. The bit manipulation 
instructions simplify the implementation of the disk 
controller software, typical of I/O processing software. 
All of these features allow the design of a versatile, in- 
telligent and high performance disk controller compati- 
ble with high performance microprocessors and disk 
drives available today. 

An 8089-based disk controller maximizes overall system 
throughput. The host processor and 8089 operate con- 
currently due to the 8089's local bus which is used to ac- 
cess the controller circuitry, task programs, and local 
data variables and buffers. Shared system bus accesses 
are kept to a minimum which minimizes system bus con- 
tention. System throughput is also maximized by off- 
loading disk control overhead tasks from the host and 
having the 8089 perform these tasks in parallel with the 
host. This frees host processor time for data processing. 

A versatile disk controller with many intelligent features 
is easily implemented with an 8089. The host initiates a 
single high level command to perform track seek, data 
record transfers, error checking, and any retries. Other 
controller features such as multiple sector transfers, 
linked operations, and data record verification can also 
be provided. The 8089 provides flexible system bus in- 



terfacing. The controller described here has a Multibus 
interface with byte swap circuitry that permits inter- 
facing with 8- or 16-bit system memory. Since the 
system bus width is defined during 8089 initialization, 
no controller hardware or software changes are neces- 
sary. Memory based communications allow both 8- and 
16-bit host processors to use this controller. 

Use of the 8089 promotes modular subsystem develop- 
ment. Memory based communication blocks provide a 
simple software interface with the host processor. Once 
the parameter block structure is defined, host and 8089 
software development proceeds in parallel. Future 
enhancements are also easily incorporated with possible 
additions to the parameter block. The hardware inter- 
face is also straightforward. A system bus interface, 
such as Multibus, allows the use of address signals to 
generate the CA and SEL signals received by the 8089 
and the use of the interrupt lines to route interrupts 
back to the host processor. Such a simple interface per- 
mits the disk controller hardware to be developed con- 
currently with other hardware subsystems. Also, note 
that the entire 8089 subsystem may be changed with 
minimal impact, if any, to the host processor software. 
For example, the subsystem could be upgraded to sup- 
port higher capacity disk drives or a bubble memory 
subsystem could be implemented using a similar soft- 
ware interface. 

Finally, the 8089 allows a compact disk controller to be 
implemented. The design here is constructed on a 6-3/4 
by 12 inch board with 75 IC packages. By combining at- 
tributes of a CPU and an intelligent DMA controller in 
a single 40-pin package, the 8089 I/O processor allows 
versatile, high performance, and compact I/O subsys- 
tems to be implemented. 
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APPENDIX A 



SHUQART SA4000 PERFORMANCE AND FUNCTIONAL SPECIFICATIONS 







Af)f\Q. 


No. of Disk Surfaces 


2 


4 


No. of Heads 


4 


8 


No. of Cylinders 


202 


202 


No. of Tracks 


808 


1616 


Gross Capacity (M bytes) 


14.54 


29.08 


Access Time including seek settle 






of 20 ms (Milliseconds) 






One Track 


20 


20 


Average (67 Track Seek) 


65 


65 


Maximum (201 Track Seek) 


140 


140 


Disk Speed 


2964 RPM 




Recording Mode 


MFM 




Recording Density 


5534 BPI 




Flux Density 


5534 FCI 




Track Capacity 


18000 Bytes 




Track Density 


172 TPI 




Transfer Rate 


7,11 xlO 6 bits/sec. 
889 x 10 3 bytes/sec. 




Sectors 


Programmable 




Start Time « 


1.5 minutes 
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APPENDIX B 



8089 MACRO ASSEMBLER *** 8089-BASED piSK CNTLR *** 



ISIS-II 8089 MACRO ASSEMBLER X202 ASSEMBLY OF MODULE HDC89 
OBJECT MODULE PLACED IN : Fl : HDC89. OBJ 

ASSEMBLER INVOKED BY: : Fl : ASM89 : Fl : HDC89. A89 DATE ( 7-20-81 ) 



line Source 



i 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 



*TITLE<**« 8089-BASED DISK CNTLR ***) 

i 

8089-BASED HARD DISK CONTROLLER 



HDC89 



SEGMENT 



26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 



* INCLUDE < : Fl: EQU89. A89) 



CHANNEL 1 PARAMETER BLOCK OFFSETS 



14 


PB1 TBI OFF 


EQU 


OOH 


15 


PB1JTB1 SEG 


EQU 


02H 


16 


PB1 BUFR OFF 


EQU 


04H 


17 


PB1J3UFR_SEG 


EQU 


06H 


18 


PB1 FUNCTION 


EQU 


08H 


19 


PBl^STATUS 


EQU 


OAH 


20 


PB1_CYLINDER 


EQU 


OCH 


21 


PB1 HEAD SECTOR 


EQU 


OEH 


22 


PBIJXBJDFF 


EQU 


10H 


23 


PB1 CCB SEO 


EQU 


12H 


24 


PB1 PB2 OFF 


EQU 


14H 


25 


PB1 PB2^SE0 


EQU 


16H 



CHANNEL 2 PARAMETER BLOCK OFFSETS 



PB2JTB2J3FF 
PB2JTB2 SEG 
PB2_FUNCTI0N 
PB2JBUFRJ3FF 
PB2 BUFR SEG 



EQU 
EQU 
EQU 
EQU 
EQU 



OOH 
02H 
04H 
06H 
08H 



CHANNEL 2 FUNCTION CODES 

i 

CMP_ID EQU OOH 

READ ID EQU 01H 



*EJECT 
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43 


i 






44 


i 






45 


i 8089 CHANNEL CONTROL 


REGISTER BIT MASKS 


46 








47 


PORTJTO PORT 


EQU 


OOOOOOOOOOOOOOOOB 


48 


BLOCKJTOJ'ORT 


EQU 


0 1 OOOOOOOOOOOOOOB 


49 


PORTjrOJBLQCK 


EQU 


1 OOOOOOOOOOOOOOOB 


50 
51 


BLOCK_TO_BLOCK 


EQU 


1 1 OOOOOOOOOOOOOOB 


52 


TRANSLATE 


EQU 


00 1 OOOOOOOOOOOOOB 


53 








54 


S0URCEJ3YNCH 


EQU 


OOOO 1 OOOOOOOOOOOB 

WW WW * W WW W WW WWWW W*J 


55 


DEST SYNCH 


EQU 


000 1 000000000000B 

WW * wvvwvwwvvwwvw 


56 








57 


GA.J30URCE 


EQU 


OOOOOOOOOOOOOOOOB 


58 


GB_SOURCE 


EQU 


00000 1 0000000000B 


59 








60 
61 


LOC KED_C ONTR t)L 


EQU 


000000 1 000000000B 


62 


CHA I NED J10DE 


EQU 


0000000 1 00000000B 


63 








64 


SINGLE_XFER 


EQU 


00000000 1 0000000B 


65 








66 


EXTJTERMJ} 


EQU 


0000000000 1 00000B 


67 


EXT_TERM_4 


EQU 


000000000 1 000000B 


68 


EXT_TERM_8 


EQU 


OOOOOOOdOl 100000B 


69 








70 


BC_TERM_0 


EQU 


000000000000 1 000B 


71 


BC_TERM_4 


EQU 


00000000000 1 0000B 


72 


BC_TERM_8 


EQU 


000000000001 1000B 


73 


i 






74 


UNTIL JiC_TERM 0 


EQU 


000000000000000 1 B 


75 


UNT I LJ1C _TERMl4 


EQU 


00000000000000 1 OB 


76 


UNT I L J1C_TERM_8 


EQU 


000000000000001 IB 


77 


i 






78 


WH I LEJ1C JTER M_0 


EQU 


0000000000000 1 0 1 B 


79 


WHILE J1CjrERM.j4 


EQU 


00000000000001 1 OB 


80 
81 


WH I LE JiC„jrERM~8 


EQU 


00000000000001 1 IB 


82 REJECT 


# 






83 








84 


i 






85 


i CONTROLLER 


ADDRESSES 




86 


# 






87 


RAM BASE 


EQU 


0000H 


88 


RQMJ3ASE 


EQU 


2000H 


89 


DAT ALPORT 


EQU 


4000H 


90 


CNTL PORT 1 


EQU 


401 OH 


91 


CNTL_P0RTJ2 


EQU 


402 1H 


92 


STATUSJ=>ORT 


EQU 


4030H 


93 


CHAN2_CA_P0RT 


EQU 


4070H 


94 


i 






95 


LD CNTRO 54 


EQU 


405 1H 


96 


LD CNTR1 54 


EQU 


4053H 


97 


LD CNTR2 54 


EQU 


4055H 


98 


MODE.. 54 


EQU 


4057H 
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99 


RD CNTRO 54 




EQU 


4051H 


100 


RD CNTR1 54 




EQU 


4053H 


101 


RD CNTR2 54 




EQU 


4055H 


102 












103 












104 




OFFSET VALUES FROM CNTL PORT 1 « 


105 












106 


CNTL2 




EQU 


01 1H 


107 


STATUS 




EQU 


020H 


108 


CA2 




EQU 


06QH 


109 












1 10 












111 




8254 CONTROL 


WORD BIT 


MASKS 


1 12 












1 13 


SEL^CNTRO 54 




EQU 


OOOOOOOOB 


114 


SELJSNTRl 54 




EQU 


01000000B 


115 


SEL_CNTR2 54 




EQU 


10000000B 


116 












117 


RD LD LATCH 54 




EQU 


OOOOOOOOB 


118 


RD LD MSB 54 




EQU 


00100000B 


119 


RD LD LSB 54 




EQU 


00010000B 


120 


RD LD WORD 54 




EQU 


001 10000B 


121 


, 










122 


MODEO 54 




EQU 


oooooooob 


123 


M0DE1 54 




EQU 


OOOOOOIOB 


124 


M0DE2J54 








125 


M0DE3_54 




EQU 


OOOOOl 10B 

Uvwww X X w£# 


126 


M0DE4 54 




CvlW 


VwwU X V/V/V/D 


127 


MODE 5 54 




E.VXVS 


wvwv X \J X \JO 


128 


. 










129 


BCD_C0UNT_54 




EQU 


OOOOOOO 1 B 


130 


i 




















132 












133 












134 




CNTL_PORT„ 


J 


BIT MASKS 
















136 


CLEAR 




EQU 


OOOOOOOOB 


137 


FORMAT 




EQU 


0000000 IB 


138 


READ 




EQU 


OOOOOOIOB 


139 


WRITE 




EQU 


00000 100B 


140 


CHAN1 




EQU 


00001000B 


141 


CHAN2 . 




EQU 


OOOOOOOOB 


142 


ENB_XCVR 




EQU 


00010000B 


143 


SEL INDEX 




EQU 


00100000B 


144 












145 












146 




CNTLJ^ORT^ 


2 


BIT MASKS 




147 












148 


HEAD1 




EQU 


0000000 IB 


149 


HEAD2 




EQU 


OOOOOOIOB 


150 


HEAD4 




EQU 


00000 100B 


151 


HEAD8 




EQU 


00001000B 


152 


DRIVE1 




EQU 


00010000B 


153 


INWARD 




EQU 


00100000B 


154 


OUTWARD 




EQU 


OOOOOOOOB 
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155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 

173 *EJECT 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 



STEP 

FAULT CLEAR 



EQU 
EQU 



01000000B 
10000000B 



i 



STATUS_PORT BIT POSITIONS 



COMPARE_STATUS 

CRCJERROR 

SEEK_COMPLETE 

DRIVE_READY 

TRACKOO 

WRITE FAULT 



EQU 
EQU 
EQU 
EQU 
EQU 
EQU 



0 

1 
4 
5 
6 

7 



MASK-COMPARE < MO PATTERNS 



TEST_SEC TOR _F OUND 

i 



EQU 



030 1H 



FUNCTION CODE BIT POSITIONS 



INIT_CQDE 


EQU 


0 


SEEK CODE 


EQU 


1 


FMAT CODE 


EQU 


2 


WRITE^CODE 


EQU 


3 


READ_CODE 


EQU 


4 


i 

LOOPJSODE 


EQU 


7 i 


; ERROR 


CODE BIT POSITIONS 


BAD^CODE 


EQU 


0 


NOT_READY 


EQU 


1 


B AD_C YL I NDER 


EQU 


2 


BAD HEAD 


EQU 


3 


BAD SECTOR 


EQU 


4 


BAD^WRITE 


EQU 


5 


BAD_SEARCH 


EQU 


6 


BAD_ID_CRC 


EQU 


7 


BAD_DATA_CRC 


EQU 


0 


i OTHER 


CONSTANTS 




MAX_CYLINDER 


EQU 


202 


MAX_HEAD 


EQU 


8 


MAX_SECTOR 


EQU 


30 


ID^SYNCH 


EQU 


OFH 


DATA_SYNCH 


EQU 


ODH 


i 

ID_SIZE 


EQU 


4 


WORD_COUNT 


EQU 


256 
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211 
212 
213 
214 
215 

216 REJECT 

217 

218 

219 

220 



BYTE_C0UNT 

J * 

START_SYS_CCW 
STARTJLOCJSCW 



EQU WORD_COUNT + WORD_COUNT 

EQU 083H 
EQU 08 1H 



DATA VARIABLE DEFINITIONS 



221 












222 












223 


i 










224 


ORG RAM.J3ASE 






















226 


CYLINDER: 


DW 


0 ; IN 


LOW 


BYTE 


227 


HEAD: 


DW 


0 * IN 


LOW 


BYTE 


228 


SECTOR: 


DW 


0 > IN 


LOW 


BYTE 


229 












230 


FUMCTION: 


DW 


0 






231 












232 


PRESENT^ YL: 


DW 


0 i IN 


LOW 


BYTE 


233 


i 










234 


FIND_SECTOR: 


DW 


0, 0, 0, 0 






235 


i 










236 


TEMPEST ATUS: 


DW 


0 






237 


i 










238 


TEMP: 


DW 


0 






239 


* 










240 


i 










241 


i 










242 


ORG RAMJ8ASE + 


05F0H 








243 


i 










244 


SECTOR JBUFFER: 


DS 


512 







245 

246 ; 

247 REJECT 
248 

249 
250 
251 
252 
253 
254 
255 
256 
257 
258 

259 TBLK1: 

260 

261 

262 

263 

264 

265 

266 



CHANNEL 



CONTROL PROGRAM 
RAMJBASE + 040H 

GA, RAMJ8ASE * GA = RAM BASE PTR 

CGA3. TEMP ^STATUS* OH ; STATUS * NO ERROR 

GCCNTL PORT 1 -i GC » I/O BASE PTR 

CGA3. FUNCTION, CPP3. PB l^FUNCTION i GET FUNCTION 

i CODE 

CGA3. FUNCTION, INITJSODE, INIT \ JUMP IF INIT 

i 

C GA 3. FUNCTION, SEEK^CODE, SEEK ; JUMP IF SEEK 

V 

3-109 An 



ORG 

MOV I 
MOV I 
MOV I 
MOV 

LJBT 

LJBT 
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267 








268 




LJBT 


269 








270 




LJBT 


271 








272 




LJBT 


273 








274 




SETB 


275 




MOV 


276 




SINTR 


277 




HLT 


278 




j 




279 


REJECT 






280 




i 


281 




t 




282 








283 








284 








285 




. 




286 


INIT: 


MOVBI 


287 




MOVBI 


288 




MOVBI 


289 








290 


1 10: 


JNBT 


291 








292 








293 








294 








295 








296 




JNBT 


297 




MOVBI 


298 




MOVBI 


299 








300 








301 








302 








303 


115: 


JBT 


304 


120: 


MOVBI 


305 




MOVBI 


306 


130: 


JNBT 


307 




JNBT 


308 








309 


140: 


MOV I 


310 




MOV I 


31 1 




MOVI 


312 




MOV I 


313 








314 








315 








316 








317 




MOVI 


318 


j 


MOVBI 


319 




MOVBI 


320 




MOVBI 


321 




MOVI 


322 




MOVBI 



CGA3. FUNCTION* FMAT_CODE, FMAT 
CGA 3. FUNCTION, WRITEJSODE, WDATA 
CGA3. FUNCTION, READ CODE, RDATA 



JUMP IF FMAT 
JUMP IF WRITE 
JUMP IF READ 



CGA 3. TEMP_STATUS, BAD CODE i ERROR, INVALID 
C PP 3. PB1_STATUS, CGA 3. TEMP„ STATUS i FUNCTION 

i SET INTERRUPT 



INITIALIZATION 



CGC 3, CLEAR 

CGC 3. CNTL2, CLEAR 

CGC 3. CNTL2, DRIVE1 



ZERO CONTROL PORTS 
SELECT DRIVE 



CGC 3. STATUS, DRIVE READY, 110 > WAIT FOR DRIVE 

i READY 



RESET WRITE FAULT (IF ANY) 



CGC 3. STATUS, WRITE FAULT, 115 
CGC 3. CNTL2, DR I VE 1 +FAULT_ CLEAR 
CGC 3. CNTL2, DRIVE1 



POSITION HEADS OVER TRACKOO 

CGC 3. STATUS, TRACKOO, 140 
CGC 3. CNTL2, DR IVE1+0UTWARD+STEP 
CGC 3. CNTL2, DRIVE1+0UTWARD 
CGC 3. STATUS, SEEK^COMPLETE, 130 
CGC 3. STATUS, TRACKOO, 120 



CGA3. PRESENT J? YL, OH 
CGA3. CYLINDER, OH 
CGA3 . HEAD, OH 
CGA3. SECTOR, OH 



INIT PRESENT. CYL 
ZERO VARIABLES 



INITIALIZE 8254 CNTRO, CNTR1, AND CNTR2 
GA, M0DEJ54 

CGA3, SELJSNTR0.54 + RDJLD W0RD_54 + M0DE5_54 
CGA3, SEL_CNTR1 54 4- RD^, LD_W0RD <-m 54 + MODES _54 
CGA3, SELJ?NTR2 54 + RD_LD_W0RD_54 f MODES J54 
GA, LD_CNTR0_54 

CGA3/07 { ; CNTRO. COUNT • 8 PULSUS 
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323 MOVBI CGA3,0 

324 MOVI GA, LD_CNTR1_54 

325 MOVBI CGA 3, 03 ; CNTR1 COUNT PULSES 

326 MOVBI C G A 3,0 

327 MOVI GA, LD_CNTR2_54 

328 MOVBI C GAT, 02 * CNTR2 COUNT « 3 PULSES 

329 MOVBI CGA 3,0 

330 i 

331 MOVI GA, RAMJBASE i GA ■ RAM BASE PTR 

332 MOV CPP3. PB1_STATUS, CGA 3. TEMPEST ATUS 

333 SINTR ; SET INTERRUPT 

334 HLT 

335 i 

336 REJECT 

337 i 

338 i 

339 i SEEK TRACK 

340 ; 

341 ; r 

342 i 

343 i CHECK IF DRIVE IS INITIALIZED 

344 i 

345 SEEK: JBT CGC3. STATUS, DRIVEJREADY, S10 > JMP IF DRIVE RDY 

346 SETB EGA 3. TEMPjSTATUS, NOT READY i SET ERROR BIT 

347 LJMP S80 

348 i 

349 i 

350 i INITIALIZE VARIABLES: CYLINDER AND HEAD 

351 i 

352 S10: MOV CGA3. CYLINDER, CPP3. PB1 CYLINDER 

353 MOVB GB, CPP3. PB1 JHEAD SECTOR+1 

354 MOV CGA 3. HEAD, GB 

355 i 

356 i CHECK CYLINDER PARAM 

357 MOVI CGA 3. TEMP, MAX CYLINDER-1 ; SUBTRACT FROM MAX 

358 MOV IX, CGA 3. CYLINDER > VALUE 

359 NOT IX 

360 INC IX 

361 ADD CGA 3. TEMP, IX 

362 JNBT CGA 3. TEMP+1, 7, SI 3 > JUMP IF POSITIVE 

363 SETB C GA 3. TEMPEST ATUS, BAD CYLINDER ; SET ERROR BIT 

364 i 

365 i CHECK HEAD PARAM 

366 S13: MOVI CGA3 . TEMP, MAX HEAD-1 > SUBTRACT FROM MAX 

367 MOV IX, CGA 3. HEAD i VALUE 

368 NOT IX 

369 INC IX 

370 ADD CGA 3. TEMP, IX 

371 JNBT CGA3. TEMP+1, 7, S16 i JUMP IF POSITIVE 

372 SETB C GA 3. TEMPEST ATUS, BAD HEAD * SET ERROR BIT 

373 S16: JNZ C GA 3. TEMPEST ATUS, S80 i JUMP IF ERROR 

374 i 

375 i 

376 i DETERMINE HEAD MOVEMENT: INWARD, OUTWARD, 

377 i OR NONE 

378 i 
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379 


MOV 


380 


MOV 


381 


NOT 


382 


INC 


383 


ADD 


384 


JZ 


385 


JBT 


386 


* 


387 


REJECT 




388 






389 






390 






391 






392 


MOV 


393 


S20: MOVBI 


394 


MOVBI 


395 


DEC 


396 


JNZ 


397 


JMP 


398 






399 






400 






401 






402 


S30: MOV 


403 


NOT 


404 


INC 


405 


S40: MOVBI 


406 


MOVBI 


407 


DEC 


408 


JNZ 


409 






410 


S50: JNBT 


41 1 






412 






413 






414 






415 






416 


MOV 


417 






418 






419 






420 






421 


S60: MOV 


422 


OR I 


423 


MOVB 


424 






425 






426 






427 






428 


MOV I 


429 


S70: DEC 


430 


JNZ 


431 




i 


432 




i 


433 


S80: MOV 


434 


SINTR 



CGA3. TEMP, CGA3. CYLINDER ; SUBTRACT PRESENT CYL 
IX, C0A3. PRESENT_CYL i FROM NEW CYLINDER 

IX 
IX 

CGA3. TEMP, IX 
CGA3. TEMP, S60 
CGA3. TEMP+1, 7, S30 



JUMP IF DELTA ZERO 
JUMP IF DELTA NEGATIVE 



MOVE HEADS INWARD (POSITIVE DELTA) 

BC, CGA3. TEMP > GET CYLINDER COUNT 

CGC3. CNTL2, DRIVE1 + INWARD+STEP ; PULSE 
CGC 3. CNTL2, DR I VE1+ INWARD 

BC i DECREMENT COUNT AND 

BCS20 ; REPEAT IF O 0 

S50 



MOVE HEADS OUTWARD (NEGATIVE DELTA) 



i GET AND COMPLEMENT 
; CYLINDER COUNT 



BC, CGA3. TEMP 
BC 
BC 

CGC3. CNTL2, DRIVE1+0UTWARD+STEP ; PULSE 
CGC3. CNTL2, DRIVE1+0UTWARD 

BC i DECREMENT COUNT AND 

BCS40 i REPEAT IF <> 0 

CGC 3. STATUS, SEEK COMPLETE, S50 ; WAIT FOR SEEK 

; COMPLETE SIG 



UPDATE PRESENT^ CYL VARIABLE 
CGA3 . PRESENT_CYL, CGA3. CYLINDER 

SELECT HEAD: ACTIVATE HEAD SIGNALS TO DRIVE 



IX, CGA3. HEAD 
IX, DRIVE1 
CGC 3. CNTL2, IX 



20 MSEC TIME DELAY 



IX, 3448 
IX 

IX, S70 



CPP3. PB1_STATUS, CGA3. TEMP^ STATUS 

i SET INTERRUPT 
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435 
436 

437 REJECT 

438 

439 

440 

441 

442 

443 

444 

445 

446 FMAT: 

447 

448 

449 

450 

451 

452 

453 F05: 

454 

455 

456 

457 

458 

459 

460 

461 

462 

463 

464 



HLT 



FORMAT TRACK 



485 
486 
487 

488 F15: 

489 

490 



JBT 

SETB 

LJMP 



MOV I 

MOVBI 

MOVBI 

MOV I 

MOVBI 

MOVBI 



CHECK IF DRIVE IS INITIALIZED 

CGC3. STATUS* DRIVEJREADY* F05 
CGA3. TEMP^STATUS* NOTJtEADY 
F50 



INITIALIZE 8254 FOR FORMAT 



JMP IF DRIVE RDY 
SET ERROR BIT 



OA i LD_CNTR0_54 
CGA3* 07 
CGA3, 0 

GA* LD_CNTR1_54 
CGA3* 03 
CGA3* 0 



i CNTRO COUNT 



CNTR1 COUNT ~ 4 



GENERATE BYTE ARRAY* SECTOR (30), WHICH CONTAINS 
THE INTERLEAVED SECTOR NUMBERS STARTING AT 
ADDRESS = SECTOR BUFFER + 100H 



465 


MOV I 


GA, RAM BASE 


* GA * RAM BASE PTR 


466 


MOV I 


GB* SECTOR JBUFFER 


+ 100H 


467 


MOV I 


CGA3. TEMP* OH 


* J - 0 


468 F10: 


MOV 


BC* CGA3. TEMP 


* SECTOR < I ) = J 


469 


MOV 


CGB3. OH* BC 




470 


ADD I 


BC* 10 


* SECT0R(I+1) » J+10 


471 


MOV 


CGB3. 1H* BC 




472 


ADD I 


BC* 10 


* SECTOR (1+2) « J+20 


473 


MOV 


CGB3. 2H* BC 




474 


ADD I 


GB* 3 


* I = 1+3 


475 


INC 


CGA3. TEMP 


* J « J+l 


476 


MOV 


BC* CGA3. TEMP 


* REPEAT IF J O 10 


477 


NOT 


BC 




478 


INC 


BC 




479 


ADD I 


BC* 10 




480 


JNZ 


BC* F10 




481 








482 








483 




LOAD MC REGISTER 


WITH HEAD DATA IN UPPER 


484 




BYTE (BITS 8-15) 





MOVI BC* 8H 

MOV CGA3. TEMP* CGA3. HEAD 

MOV MC* C GAIL TEMP 

ADD CGA3. TEMP* MC 

DEC BC 



SHIFT COUNT = 8 

GET HEAD DATA 

SHIFT LEFT BY ADDING 

TO ITSELF 
DECREMENT SHIFT COUNT 
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491 




JNZ 


BC, F15 i 




& REPEAT IF O 0 


492 




MOV 


MC, CGA3. TEMP 






493 












494 


REJECT 










495 




j 








496 




i 








497 






GENERATE SECTOR FORMAT TABLE STARTING 


498 






AT ADDRESS « SECTOR„ BUFFER 


499 












500 




MOV I 


GBi SECTOR BUFFER + 100H 






501 




MOV I 


CGA3.TEMP,0H ; 


SECTOR COUNT * 0 


502 




MOV I 


IX, SEC TOR J3 UFFER 






503 


F20: 


MOV I 


CGA+IX+3, ID_SYNCH 




SYNCH CHARACTER 


504 




MOV 


CGA+IX+3, CGA3. CYLINDER ; 


CYLINDER 


505 




MOV 


CGA+IX3,MC 




HEAD /SECTOR 


506 




MOVB 


BC, CGB3 






507 




OR 


EGA+IX+3, BC 






508 




MOV I 


CGA+IX+3, OH 




ZEROS 


509 




INC 


GB 




INCREMENT SECTOR NO. 


510 










POINTER 


511 




INC 


EGA 3. TEMP 




INCREMENT SECTOR COUNT 


512 




MOV 


BCCGA3.TEMP 




& REPEAT IF O MAX 


513 




NOT 


BC 






514 




INC 


BC 






515 




ADD I 


BC, MAX SECTOR 






516 




JNZ 


BCF20 






517 












518 












519 






FORMAT FIRST SECTOR AFTER 


INDEX PULSE 


520 












521 


F30: 


MOV I 


GB, SECTORJBUFFER 




SOURCE POINTER 


522 




MOV I 


GA, DAT ALPORT 




DESTINATION POINTER 


523 




MOV I 


BC, ID SIZE + 6 




BYTE COUNT 


524 




MOV I 


CC,BLOCK_TO_PORT 






525 


& 




+ DEST„ SYNCH 






526 


?/ 




+ GB SOURCE 






527 


& 




+ EXTJTERMJ) 






528 


& 




+ BC_TERM_0 




DMA CONTROL 


529 




WID 


16, 16 




16-BIT TO 16-BIT DMA 


530 




XFER 






INIT DUMMY DMA TO 


531 










DETECT INDEX PULSE 


532 




MOVB I 


CGC3, FORMAT+SEL_ I NDEX 




EXT1 - INDEX PULSE 


533 












534 










WAIT FOR INDEX PULSE 


535 












536 




XFER 






START ID DATA TO DRIVE 


537 










DMA 


538 




MOVB I 


CGC3, FORMAT 






539 


& 




+ WRITE 






540 


& 




+ CHAN1 






541 






+ ENB XCVR i 


OUTPUT FORMAT COMMAND 


542 












543 










DMA OCCURS HERE 


544 












545 




MOVB I 


CGC3, FORMAT 




RESET ALL BUT FORMAT 


546 










LINE 



3-114 ' AFN02057A 

/ 



AP-122 



547 






> 








548 


HMEJECT 












549 














550 




MOV I 


OA, RAMJBASE 




GA « RAM BASE PTR 


551 




JNBT 


CGC 3. STATUS, WRITE FAULT, F35 ; JUMP IF NO FAULT 


552 




SETB 


CGA3 . TEMP^STATUS, BAD„ 


WRITE i SET ERROR BIT 


553 




JMP 


F50 






554 














555 












* 


556 








FORMAT REMAINING SECTORS 




557 














558 


F35: 


MOV I 


MC.MA* SECTHR—I 




, SECTOR COUNT = MAX-1 


559 


F40: 


MOV I 


GA, DATA PORT 




i DESTINATION POINTER 


560 




MOV I 


BC, ID SIZE + 6 




i BYTE COUNT 


561 




MOV I 


CC, BLOCK TO PORT 






562 


& 






+ DEST SYNCH 






563 


& 






+ GB SOURCE 






564 


& 






+ EXT TERM 0 






565 


& 






+ bcJFermj) 




• DMA CONTROL 

i JL/i in vui<i i y\ ul 


566 




XFER 






• INIT DUMMY DMA TO 


567 












DETECT SECTOR PULSE 


568 




WID 


16, 16 




16-BIT TO 16-BIT DMA 


569 














570 












WAIT FOR SECTOR PULSE 


571 














572 




XFER 






START ID DATA TO DRIVE 


573 












DMA 


574 




MOVBI 


CGC 3, FORMAT 






575 


& 






+ WRITE- 






576 


& 






+ CHAN1 






577 


& 






+ ENB_XCVR 




OUTPUT FORMAT COMMAND 


578 














579 












DMA OCCURS HERE 


580 














581 




MOVBI 


CGC 3, FORMAT 




RESET ALL BUT FORMAT 


582 












LINE 


583 




MOV I 


GA, RAMJBASE 




GA - RAM BASE PTR 


584 




JNBT 


CGC 3. STATUS, WRITE_FAULT, F45 ; JUMP IF NO FAULT 


585 




SETB 


EGA 3. TEMP STATUS, BAD. 


WRITE i SET ERROR BIT 


586 




JMP 


F50 






587 














588 














589 








DECREMENT SECTOR COUNT AND JUMP IF O 0 


590 














591 


F45: 


DEC 


MC 






592 




JNZ 


MCF40 






593 














594 


F50: 


MOV I 


IX, 26 




150 MSEC DELAY 


595 


F55: 


DEC 


IX 




(FOR WRITE GATE 


596 




JNZ 


IX,F55 ' 




TURN OFF) 


597 




MOVBI 


CGC 3, CLEAR 




CLEAR FORMAT LINE 


598 














599 




MOV 


CPP3 . PB1_STATUS, CGA3. 


TEMP^STATUS 


600 




SINTR 




j 


SET INTERRUPT 


601 




HLT 








602 
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603 


$EJECT 






604 








609 








606 








607 








608 






609 








610 








61 1 








612 


WDAT A : 


JBT 


613 




SETB 


A1 4 




LJMP 


A1 S 








A1 A 








ox / 








A1 R 
O X o 








A1 Q 




MOV 






MOV 


ASM 
oe x 




MOV 


622 




AND I 


623 




MOV 


624 








APS 




MOV I 


626 




MOV 


627 




NOT 


628 




INC 


62? 




ADD 


630 




JNBT 


631 




SETB 


632 




LJMP 


633 








634 








635 








636 








637 


W10: 


MOV I 


AIR 




MOVBI 






MOVBI 


640 




MOV I 


641 




MOVBI 


A4P 




MOVBI 


643 








644 








A4S 








A4A 








647 








648 




LPD 


649 




MOV I 


650 




MOV I 


651 




ADD I 


652 




MOV I 


653 




MOV I 


654 


& 






655 








656 




XFER 


657 




WID 


658 




MOV I 



WRITE SECTOR DATA 



CHECK IF DRIVE IS INITIALIZED 

CGC3. STATUS, DRIVEJREADY, W05 
CGA3. TEMP^STATUS, NOT READY 
W50 



JMP IF DRIVE RDY 
SET ERROR BIT 



INITIALIZE SECTOR VARIABLES 



CGA3. FIND_SECTOR, CPP3. PB1 
GB, CPP3. PB1JHEAD SECTOR ; 
CGA3. FIND_SECT0R+2, GB 
GB, OFFH i 
C GA 3. SECTOR, GB 



CYLINDER i FIND_SECTOR 
FIND_SECTOR + 2 

SECTOR 



CGA3. TEMP, MAX^ SECTOR- 1 
IX, CGA3. SECTOR 
IX 
IX 

CGA3. TEMP, IX 
CGA3. TEMP+1, 7, W10 
CGA3. TEMP_STATUS, BAD SECTOR 
W50 



CHECK SECTOR PARAM 
SUBTRACT FROM MAX 
VALUE 



JUMP IF POSITIVE 
SET ERROR BIT 



INITIALIZE 8254 FOR WRITE DATA 



GA, LD_CNTR0_54 
CGA3, 20 
CGA3 , 0 

GA, LD_CNTR1_54 
CGA3, 1 
CGA3, 1 



CNTRO COUNT « 21 



i CNTR1 COUNT - 258 



TRANSFER DATA FROM SYSTEM BUFFER TO 
LOCAL BUFFER 



GA, CPP3. PB1JBUFR OFF 

GB, SECTOR JBUFFER"* 
CGB3, DATA_SYNCH 
GB, 2 

BC, BYTE_COUNT 

CC, BLOCKjrOJBLCJCK 

+ GA_SOURCE 
+ BCJTFRMJ) 

16, 16 
CGB3, OH 



SOURCE POINTER 
DESTINATION POINTER 
INSERT SYNCH CHAR 

IN LOCAL BUFFER 
BYTE COUNT 



DMA CONTROL 
INIT DMA 

16-BIT TO 16-BIT DMA 
INSERT ZEROS 
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A CIO 






AAA 






661 




* 


66d 




i 


66J 




i 


664 




i 


665 






666 




I nn 

Lru 


66/ 




Mm IB T 


66a 




nuv 


66V 




nuv 


6/U 






6/1 






6/el 




LrD 


6/0 




Mm j t 

nuvi 


6/4 




Mm i t 

nuvi 


/■7 c 
6/D 




Mm j y 


6/6 






6/7 




i 


6/0 




j 


6/Y 




i 


680 




i 


60 1 


W_0: 


MOV I 


682 




i 


683 


W30: 


MOV I 


684 




MOV I 


/OK 
60D 




Mm j t 

nuvi 


606 




MOV I 


6a/ 






/ 00 
oaa 






6fcl*7 






/.OA 

67U 


ft. 




AO 1 
67 1 




11 t r\ 
vilu 


6*7 cC 




Mm j t 

nuvi 


67J 




Ar C.K 


6V4 






073 






AQA 




riuvo 


O / / 






Ago 






AOQ 
077 






7nn 






70 1 






TOD 




IMfKIP 
v/rlV/ INC. 






i 


7AA 

/U4 






705 






706 




i 


707 




i 


708 






709 




M0VBI 


710 




XFER 


711 




M0VBI 


712 






713 






714 







PREPARE CHANNEL 2'S CCB AND PB 



GA, CPP3. PB1 _CCBJ3FF i 
CGA3. 08H* START^LOC _CCW * 
CGA3. 0AH, CPP3. PB1_PB2 OFF 
CGA3, 0CH# CPP3, PB1 PB2 SEG 



INITIALIZE CCB 
GET CCB ADDRESS 
INIT CCW 

i INIT PB2 OFFSET 
i INIT PB2 SEGMENT 



INITIALIZE PB2 
GA» CPP3. PB1_PB2„QFF i GET PB2 ADDRESS 

CGA3. PB2_TB2_0FF, TBLK2 ; INIT TB2 ADDRESS 
CGA3. PB2_FUNCTI0N# CMP ID > INIT COMPARE CMD 
CGA3. PB2JUFRJ3FF, FIND_SECT0R i INIT BUFFER 

ADDR 



SEARCH FOR SECTOR SPECIFIED IN FIND SECTOR 



IX, MAX_SECT0R 

GA, SECTOR JBUFFER 

GB, DATAJP0RT 

BCi BYTE_C0UNT + 6 
CC, BL0CKJT0JP0RT 

+ DEST^ SYNCH 
+ GA_S0URCE 

EXT_TERM_0 
+ BCJTERM.J, 

I61 16 

MC, TEST SECTOR FOUND 



CGC3. CA2, BC 



CGC3. STATUS, W40 



SECT0R_C0UNT « MAX 

SOURCE POINTER 
DESTINATION POINTER 
BYTE COUNT 



DMA CONTROL 

16-BIT TO 16-BIT DMA 

INIT MC 

INIT DUMMY DMA TO 
DETECT END OF ID 
COMPARE 

GENERATE CHANNEL 2 
CA SIGNAL 

WAIT FOR CHANNEL 2 
TO COMPARE ID 

JUMP IF NOT FOUND 



WRITE SECTOR DATA ON DISK 



CGC3,CLEAR 

CGC3, WRITE + CHAN1 
+ ENB XCVR 



i CLEAR READ LINE 

i START DMA WRITE 

i OUTPUT WRITE COMMAND 

• _ _______________ _____ 

; DMA OCCURS HERE 



AFN02057A 



A P- 122 



715 , • 

716 NOP i TIME DELAY 

717 NOP 

718 NOP 

719 NOP 

720 NOP 

721 MOVBI HOC 3 1 CLEAR ; CLEAR WRITE LIJME 

722 ; 

723 MOVI GA, RAMJBASE ; OA « RAM BASE PTR 

724 JNBT CGC 3. STATUS/ WRITE FAULT, W50 i JUMP IF NO FAULT 

725 SETB CGA3. TEMP_STATUS, BAD WRITE ; SET ERROR BIT 

726 JMP W50 

727 ) 

728 i 

729 i NO MATCH ON PRESENT SECTOR 

730 i 

731 W40: MOVI OA, RAMJBASE i OA * RAM BASE PTR 

732 JNBT CGC J. STATUS, CRC ERROR, W45 ; JUMP IF NO ERROR 

733 SETB CGA3. TEMP_STATOS, BAD ID. CRC ; SET ERROR BIT 

734 W45. MOVBI CGC 3 , ENB_XCVR ; RESET COMPARE STATUS 

735 MOVBI CGC 3, CLEAR ; FLIP FLOP 

736 JNZ CGA3. TEMP STATUS, W50 ; JUMP IF ERROR 

737 i 

738 DEC IX i DEC SECTOR^COUNT & 

739 JNZ IX,W30 ; LOOP IF O O 

740 SETB CGA3. TEMP_STATUS, BAD SEARCH j SET ERROR BIT 

741 i 

742 W50: MOV CPP 3 . PB 1 ^STATUS, C0A3. TEMP STATUS 

743 LJBT CGA3 . FUNCTION+1, LOOP_CODE, W20 

744 SINTR ; SET INTERRUPT 

745 HLT 

746 i * 

747 REJECT 
748 

749 i 

750 i READ SECTOR DA f A 

751 } ' ■ 

752 1 i 1 

753 ; 

754 i CHECK IF DRIVE IS INITIALIZED 

755 i 

756 RDATA: JBT CGC3. STATUS, DRIVE^READY, R05 * JMP IF DRIVE RDY 

757 SETB , CGA3. TEMP_STATUS, NOT READY i SET ERROR BIT 

758 LJMP R50 

759 i 

760 i 

761 ; INITIALIZE SECTOR VARIABLES 

762 i 

763 R05: MOV CGA3. FIND_SECTOR, CPP 3. PB1 CYLINDER ; FIND_SECTOR 

764 MOV GB, CPP3.PB1 HEAD SECTOR > FINDJ3ECT0R + 2 

765 MOV CGA3. FIND SEC TOR +2, GB 

766 AND I GB, OFFH > SECTOR 

767 MOV C OA 3. SECTOR, GB 

768 ; CHECK SECTOR PARAM 

769 MOVI CGA3. TEMP, MAX SECTOR-l i SUBTRACT FROM MAX 

770 MOV IX, CGA 1. SECTOR > VALUE 
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771 
772 
773 
774 
775 
776 
777 
778 
779 
780 

781 R07: 

782 

783 

784 

785 

786 

787 

788 

789 

790 

791 RIO: 
792 
793 
794 

795 REJECT 

796 

797 

798 

799 

800 

801 

802 

803 

804 

805 

806 

807 

808 

809 

810 

811 

812 

813 

814 

815 

816 R20: 
817 
818 
819 
820 
821 

822 & 

823 & 

824 & 

825 & 
826 



R30: 



NOT 

INC 

ADD 

JNBT 

SETB 

LUMP 

> 

i 

MOV I 

MOVBI 

MOVBI 



MOV I 
MOV I 
MOV I 
MOV I 
DEC 
JNZ 



LPD 
MOVBI 
MOV 
MOV 



LPD 
MOV I 
MOV I 
MOV I 



MOV I 

i 

MOV I 
MOV I 
MOV I 
MOV I 



WID 



IX 
IX 

EGA 3. TEMP, IX 

CGA3. TEMP+1, 7* R07 ; JUMP IF POSITIVE 

CGA3. TEMP_STATUS> BAD_SECTOR ; SET ERROR BIT 
R50 



INITIALIZE 8254 FOR READ DATA 



GA, LD_CNTR1J34 
CGA3 » 0 
CGA3 * 1 



ZERO SECTOR BUFFER 

GA, SECTOR J3UFFER 
IXi 0 

BC, W0RDJ30UNT 
CGA+IX+3, 0 
BC 

BC, RIO 



PREPARE CHANNEL 2'S CCB AND PB 



CNTR1 COUNT 



257 



GA> ZPP1. PB1_CCB OFF 
CGA3. 08H, START JjX„„CCW 
CGA3 . OAH, CPP 1 . PB1_PB2„„0FF 
CGA3. OCH, CPP3. PB1 PB2 SEG 



INITIALIZE CCB 
GET CCB ADDRESS 
INIT CCW 

i INIT PB2 OFFSET 
i INIT PB2 SEGMENT 



INITIALIZE PB2 
GA, CPP3. PB1 JPB2 OFF * GET PB2 ADDRESS 

CGA3. PB2 TB2J3FF, TBLK2 i INIT TB2 ADDRESS 
CGA3. PB2JFUNCTI0N* CMP ID > INIT COMPARE CMD 
CGAJ. PB2JBUFR OFF, FIND „SECTOR i INIT BUFFER 

; ADDR 



SEARCH FOR SECTOR SPECIFIED IN FIND SECTOR 



IX, MAX_SECTOR 

GA, SECTOR JBUFFER 

GBi DAT ALPORT 

BC, BYTE_COUNT 

CC, P0RT_JTOJBL0CK 

+ SOURCE^SYNCH 
+ GBJ30URCE 
+ EXT„ TFRM. 0 
+ BC Jt Eft M 0 

16^ 16 



SECTOR_COUNT « MAX 

SOURCE POINTER 
DESTINATION POINTER 
BYTE COUNT 



DMA CONTROL 

16-BIT TO 16-BIT DMA 
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827 




MOV I 


828 




XFER 


829 








830 








831 




MOVB 


832 








833 








834 








835 








836 








837 




JMCNE 


838 








839 


REJECT 






840 








841 




> 




842 








843 




i 


844 




MOVB I 


845 




NOP 


846 




NOP 


847 




NOP 


848 




XFER 


849 




MOVB I 


850 


& 






851 








852 








853 








854 




MOV I 


855 




JNBT 


856 




MOVB I 


857 




SETB 


858 




JMP 


859 








860 








861 








862 








863 








864 


R35: 


MOVB I 


865 




MOV I 


866 




LPD 


867 




MOV I 


868 




MOV I 


869 


& 






870 


& 






871 




XFER 


872 




WID 


873 




MOV I 


874 




JMP 


875 








876 








877 








878 








879 


R40: 


MOV I 


880 




JNBT 


881 




SETB 


882 


R45: 


MOVB I 



MC, TEST SECTOR FOUND 



CGC3. CA2, BC 



CGC3. STATUS, R40 



INIT MC 

INIT DUMMY DMA TO 
DETECT END OF ID 
COMPARE 

GENERATE CHANNEL 2 
CA SIGNAL 

WAIT FOR CHANNEL 2 
TO COMPARE ID 

JUMP IF NOT FOUND 



READ SECTOR DATA FROM DISK 



CGCJ, CLEAR 



CGC3, READ + CHAN1 
+ ENB XCVR 



CLEAR READ LINE 
TIME DELAY 



START DMA READ 
OUTPUT READ COMMAND 
DMA OCCURS HERE 



GA, RAMJ3ASE ; GA « RAM BASE PTR 

CGC3. STATUS, CRC^. ERROR, R35 > JUMP IF NO ERROR 
CGC3,CLEAR ; CLEAR READ LINE 

tGAH. TEMP.J3TATUS+1 , BAD_JDATA_CRC ; SET ERROR BIT 
R50 



TRANSFER DATA FROM LOCAL BUFFER TO 
SYSTEM BUFFER 



CGCZhCLEAR 

GA, SECTOR J8UFFER 

GB, CPP3. PB1J3UFRJ3FF 
BC, BYTE_COUNT 

CC, BL0CK_T0J3L0CK 

+ GA_SOURCE 
+ BC_TERM_0 

16, 16 

GA, RAMJBASE 
R50 



} CLEAR READ LINE 
SOURCE POINTER 
DESTINATION POINTER 
BYTE COUNT 



DMA CONTROL 
INIT DMA 

16-BIT TO 16-BIT DMA 
GA » RAM BASE PTR 



NO MATCH ON PRESENT SECTOR 

GA, RAMJBASE ; GA » RAM BASE PTR 

CGC 3. STATUS, CRC. ERROR, R45 i JUMP IF NO ERROR 
CGA3. TEMP_STATUSi BAD ID CRC i SET ERROR BIT 
CGC}, ENB XCVR i RESET COMPARE STATUS 
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883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 
894 
895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 



R50: 



MOVBI 
JNZ 

DEC 
JNZ 
SETS 

MOV 
LJBT 
SINTR 
HLT 



CGC3, CLEAR 

CGA3. TEMPEST ATUS, R50 
IX 

IXi R30 



FLIP FLOP 
JUMP IF ERROR 

DEC SECTOR^COUNT & 
LOOP IF O 0 



CGA3. TEMPEST ATUS* BAD_ SEARCH > SET ERROR BIT 

CPP3. PB1_STATUS, CGA3. TEMPEST ATUS 
CGA3. FUNCTION+1, LOOP_CODE, R20 

i SET INTERRUPT 



REJECT 

*INCLUDE<: Fl: CHAN2. A89) 



ORG 

TBLK2: MOV 
JNZ 



CP ID: 



MOV 
MOV I 
MOV I 
MOV I 



MOV I 
XFER 



W I D 

XFER 
MOVBI 



CHANNEL 



DETERMINE OPERATION TO BE PERFORMED 

0 - Compare id field 

1 « read id FlfLD 
RAMJ3ASE + 0580H 

i GET OPERATION CODE 



IX, CPP3 . PB2JFUNCTIQN 
IX, RD ID 



COMPARE ID FIELD OPERATION 



GA, CPP3. PB2 JBUFR OFF 

GB, DAT ALPORT 
BC, ID_SIZE + 2 
CC, BLOCK_TO_PORT 

+ DEST„ SYNCH 
+ GA_SOURCE 
+ EXT TERMJ> 
+ BC TERM 0 
+ CHAINEDJ10DE 
GCCNTL port 1 



16, 16 



CGC 3 , READ + CHAN2 



SOURCE POINTER 
DESTINATION POINTER 
BYTE COUNT 



DMA CONTROL 

CONTROL PORT POINTER 

INIT DUMMY DMA TO 

DETECT SECTOR 

PULSE 

16-BIT TO 16-BIT DMA 

WAIT FOR SECTOR PULSE 

START COMPARE ID FIELD 
DMA 

OUTPUT COMMAND 
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939 
940 
941 
942 
943 

944 *EJECT 

945 

946 

947 

948 

949 RDJtD: 

950 

951 

952 

953 

954 & 

955 & 

956 & 

957 & 
958 
959 
960 
961 
962 
963 
964 
965 
966 
967 
968 & 
969 
970 
971 
972 
973 
974 

975 HDC89 

976 

977 

978 

979 



DMA OCCURS HERE 



HLT 



MOV I 
MOV 
MOV I 
MOV I 



MOV I 
XFER 



WID 



XFER 
MOVBI 



HLT 
ENDS 

END 



READ ID FIELD OPERATION 

OAi DAT ALPORT 

OB* CPP3. PB2JBUFR. OFF 

BC* ID_SIZE 

CC* P0RTJ"0J3L0CK 

+ SOURCE.. SYNCH 
+ GAJ3DURCE 
+ EXT 1 ERM_ O 

+ bc Jterm 6 

+ CHAINED^ MODE 
GC, CNTL PORT 1 



16; 16 



CGC3* READ + CHAN2 
+ ENB XCVR 



SOURCE POINTER 
DESTINATION POINTER 
BYTE COUNT 



DMA CONTROL 

CONTROL PORT POINTER 

IN IT DUMMY DMA TO 

DETECT SECTOR 

PULSE 

16-BIT TO 16-BIT DMA 
WAIT FOR SECTOR PULSE 
START READ ID FIELD DMA 
OUTPUT COMMAND 
DMA OCCURS HERE 
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INTRODUCTION 

The purpose of this application note is to provide the 
reader with the conceptual tools and factual informa- 
tion needed to apply the iAPX 86/11 to graphic CRT 
design. Particular attention will be paid to the require- 
ments of high-resolution, color graphic applications, 
since these tend to require higher performance than 
those which do not use color. 

The iAPX 86/11 is a microprocessor system which con- 
tains an 8086 CPU and an 8089 Input/Output Processor. 
In the graphic CRT application, the 8089 performs 
DMA transfers from the display memory to the CRT 
controller, and also serves as a CPU for functions such 
as keyboard polling and initialization of the CRT con- 
troller chips. The DMA transfers are done in such a 
manner that they do not tie up the system bus. 

The system is organized so that the 8086 and the 8089 
can perform concurrent processing on separate buses. 
Using the inherent ability of the 8089 to execute pro- 
grams in its own I/O space, the 8086 can successfully 
delegate many of the chores that have specifically to do 
with the CRT display and keyboard, thus reducing the 
8086's processing overhead. For these reasons, the ca- 
pabilities of the 8086,as a CPU can be more fully utilized 
to perform calculations dealing with the material to be 
displayed. Thus, more complex types of displays can be 
undertaken, and the terminal will also be more 
interactive. 



This application note is presented in five sections: 

1. Introduction 

2. Overview of Graphic CRT Systems 

3. Overview of the 8089 

4. Graphic CRT System Design 

5. Conclusions 

Section 2 discusses typical CRT designs, shows how 
performance requirements increase when the capabil- 
ity for color graphics is included, and explains some of 
the system bottlenecks that can arise. Section 3 de- 
scribes the capabilities of the 8089, which can be 
brought to bear to resolve these bottlenecks. Section 4 
gives detailed information for a color graphic CRT sys- 
tem using the iAPX 86/11 (8086 and 8089). 

The reader may obtain useful background information 
on the 8086 and 8089 from iAPX 86,88 User's Manual. 
It would also be helpful to read the data sheets on the 
8086, 8089, 2118 Dynamic RAM, 8202 Dynamic Ram 
Controller, 8275 CRT Controller, 8279 
Keyboard/Display Interface, and 2732A EPROM. 

OVERVIEW OF CRT GRAPHIC SYSTEMS 
Typical Design Technique 

A typical microprocessor-based CRT terminal is shown 
in block diagram form in Figure 1 . The terminal consists 
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PROCESSOR 



3 
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CONTROLLER 



CHARACTER 
GENERATOR ROM 



CRT MONITOR 

A MONITOR 
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INTERFACE 




KEYBOARD 
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DISPLAY 
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CRT TERMINAL 
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KEYBOARD 




POWER 
SUPPLY 



Figure 1. Typical CRT Terminal Block Diagram 
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of a CRT monitor, monitor electronics, a CRT control- 
ler and character generator ROM, display memory, a 
DMA device, a central processor and associated pro- 
gram memory, a keyboard and keyboard interface, and 
serial and/or parallel communication devices. 

The primary function of the non-graphic CRT controller 
is to refresh the display. It does this by controlling the 
periodic transfer of information from display memory 
to the CRT screen, with the help of the DMA device. 
The central processing unit (CPU) coordinates the 
transfer of information to and from the external 
devices. When information from an external device is 
received by the terminal, the CPU performs character 
recognition and handling functions, display memory 
management functions, and cursor control functions. 
The CPU also interrogates the keyboard interface 
device. If a key depression is detected, the ASCII char- 
acter representing that key is sent to the display 
memory and/or an external device. 

The design shown in Figure 1 could be implemented 
using Intel LSI products. The CPU could be an 8085, 
the DMA device an 8237 A DMA controller, the CRT 
controller an 8275, the character generator ROM a 
2708, program memory ROM a 2716, display memory 
2114s (2K x 8), and the keyboard interface an 8279 
keyboard controller. These choices would result in a 



CRT terminal capable of displaying 25 lines of text 
containing 80 characters each. 

As the design is upgraded to add color and graphics 
capability, performance requirements increase accord- 
ingly. The components most likely to require changing 
are the CPU, the DMA device, the CRT controller, and 
the display memory. Thus, it is desirable at this point to 
examine the operation of these components in more 
detail to provide a foundation for graphic system opera- 
tion. Later we shall give a specific example of a more 
complex display, and examine the performance re- 
quirements imposed. Figure 2 is a block diagram show- 
ing only those components involved with the 
non-graphic CRT refresh function, with more detail 
provided regarding the connecting signal lines. 

The refresh function proceeds as follows. The 8275, 
having been programmed to the specific screen format, 
generates a series of DMA request signals to the 8237A. 
This results in the transfer of a row of characters from 
display memory to one of two row buffers within the 
8275. From this row buffer, the characters are sent, via 
lines CC0-CC6, to the character generator ROM. The 
dot timing and interface circuitry is then utilized to 
convert the parallel output data from the character 
generator ROM into serial signals for the video input of 
the CRT. 



DISPLAY 
MEMORY 



MEMR 



IOR 



ar* 

RD 

C8 



•237A 
DMA 

CONTROLLER 



PACK 



8275 
CRT 
CONTROLLER 



CCO-6 



VIDEO CONTROLS 



3 



VIDEO SIGNAL 



HORIZONTAL SYNC 



VERTICAL SYNC 



Figure 2. Components Involved In the CRT Refresh Function 

3-125 



AFN-02172A 



AP-123 



1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 



First Line of a Character Row 

1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 



□□■■■■□□□■□□□□■□□■■■■■□□□□□□□□□■■■■□□□□■■■□□□■□□□■a 

□■□□□□■□□■■□□PBQ DP 

Second Line of a Character Row 

1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 



□□■■■■□□□■□□□□■□□■■■■■□□□□□□□□□■■■■□□□□■■■□□□■□□□■a 

□■□□□□■□□■■□□□■□□■□□□□□□□□□□□□□■□□□■□□■□□□■□□■□□□■a 

Third Line of a Character Row 



1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 



□□■■■■□□□■□□□□I 

□•□□□□■□□■■□□□I 
□■□□□□■□□■□■□□I 
□■□□□□■□□■□□□□I 
□■□□□□■□□■□□■□I 
□■□□□□■□□■□□□■I 



icn» □□■£)■□■□ 
Seventh Line of a Character Row 



Figure 3. Character Row Display 



The character rows are displayed on the CRT one line at 
a time. Line count signals LC0-LC3 are applied to the 
character generator ROM by the 8275, to specify the 
specific line count within the row of characters. This 
display process is shown in Figure 3, using a seven-line 
character for purposes of illustration. The entire pro- 
cess is repeated for each row of characters in the 
display. 

At the beginning of the last display row, the 8275 issues 
an interrupt request via the IRQ output line. This inter- 
rupt output is normally connected to the interrupt input 
of the system CPU. The interrupt causes the CPU to 
execute an interrupt service subroutine. This sub- 
routine typically reinitializes the DMA controller 
parameters for the next display refresh cycle, polls the 
system keyboard controller, and executes other appro- 
priate functions. 



Performance Requirements 

In the example we have discussed thus far, a display 
consisting of 25 rows, each containing 80 text charac- 



ters, with no color or graphic capability, has been as- 
sumed. Such a screen can be represented by 80 x 25 = 
2000 bytes of data. If the screen is refreshed 60 times 
per second, then a total of 120,000 bytes will need to be 
transferred each second from display memory to the 
8275 CRT controller. This figure is well within the capa- 
bility of the 8237A DMA controller, even allowing for 
vertical retrace time and other overhead. In this appli- 
cation then, both the display memory and the system 
bus remain available to the system CPU most of the 
time, and no bottleneck occurs because of the DMA 
transfer process. 



The situation is quite different when a high-resolution, 
color graphics capability is desired. The performance 
requirements are obviously much greater. To derive a 
quantitative requirement it is necessary to choose, even 
if somewhat arbitrarily, a specific display method and 
screen format. The display method chosen for the sys- 
tem described in this application note is called the 
virtual-bit mapping technique. When this technique is 
used, the graphic material to be displayed is handled on 
a character basis. Figure 4 shows the structure of the 
text and graphic characters used. The text character is a 
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7x5 character in an 8 x 5 matrix. The graphic character 
is a 4 x 5 matrix. 

The size of a graphic character is the same as the size of 
a text character. In addition, the text characters may be 
in color. The resolution (horizontal) for a graphic char- 
acter is twice as coarse as the dot spacing for a text 
character. One of eight colors may be selected for fore- 
ground and for background within a particular 
character. 

Figure 5 shows how the display character can be speci- 
fied using four bytes. The first byte determines whether 
the character is a text character or a graphic character, 
and specifies the colors for foreground and back- 
ground. If it is a text character, the second byte 
specifies the character with a seven-bit ASCII code, and 



the remaining two bytes are not used. If it is a graphics 
character, the second, third, and fourth bytes contain 
the color specification for each of the twenty distinct 
picture elements (pixels) within the character. Use of 
the foreground color is indicated by a one in the respec- 
tive bit position, while a zero specifies use of the back- 
ground color. 

The screen format chosen has 80 characters per row 
and 48 rows. Thus the resolution (in terms of picture 
elements) is 640 x 480 for text characters and 320 x 240 
for graphic characters. A full screen contains 80 x 48 = 
3840 characters. Thus, a single frame of the display can 
be represented by 3840 x 4 = 15,360 bytes. If the screen 
were updated 60 times per second, the CRT refresh 
function would require a DMA transfer rate of 15,360 x 
60 = 921,600 bytes per second. 
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(A) TEXT CHARACTER 

REPRESENTING THE LETTER A. 




(B) GRAPHIC CHARACTER 





Figure 4. Character Structure 
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Figure 5. Display Character Specification 
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7 BIT ASCII 
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— -Ny* 


J V 
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1 = FOREGROUND COLOR 
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(b) Bytel 



NOTE: RB1 IS INTENTIONALLY MOVED TO BYTE 3 SUCH THAT REPRESENTATION OF A BLANK 
CHARACTER FOR EITHER TEXT OR GRAPHIC IS THE SAME. 
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(c) Byte 2 
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ROW D GRAPHICS 



ROW B GRAPHICS 



ROW E GRAPHICS 



(d) Byte 3 



Figures. Display Character Specification (Cont.) 
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System Bottlenecks 

It can be seen from the above calculation that nearly 
one megabyte of data must be transferred per second to 
effect the CRT refresh function alone. Even with the 
fastest available DMA controllers, this represents the 
major part of the bandwidth for such devices. When the 
design shown in Figure 1 is used, the system bus must 
also be used by the CRT terminal processor for such 
functions as keyboard polling and communication with 
external devices. In addition, any changes made to the 
material being displayed would require use of the sys- 
tem bus for the purpose of storing the new material in 
the display memory, and possibly also for access to 
system memory during the calculation process. It is 
easy to see, therefore, that severe bottlenecks can oc- 
cur in terms of system bus utilization. Problems involv- 
ing bus contention could also be difficult to resolve. 
Display underruns could become difficult or impossible 
to avoid in some cases, such as when graphics com- 
putations require excessive use of the system bus. 

The situation can be improved substantially if provision 
is made for concurrent processing. One CPU can be 
doing calculations on the material to be displayed, 
while another CPU can be managing the CRT terminal 
functions and the I/O devices simultaneously. Local 
buses can be used for access to the respective program 
memories, with the system bus used only for transfer of 
new display data and for communication between the 
two processors. 

The iAPX 86/11 offers a convenient and economical 
way of implementing this multiprocessing approach. In 
particular, the 8089 has unique capabilities that simplify 
the design process. 



OVERVIEW OF THE 8089 
Architectural Overview 

The 8089 Input/Output Processor is a complete I/O 
management system on a single chip. It contains two 
independent I/O channels, each of which has the capa- 
bilities of a CPU combined with a programmable DMA 
controller. 

The DMA functions are somewhat more flexible than 
those of most DMA controllers. For example, a con- 
ventional DMA controller transfers data between an 
I/O device and a memory. The 8089 DMA function can 
operate between one memory and another, between a 
memory and an I/O device, or between one I/O device 
and another. Any device (I/O or memory) can physi- 
cally reside on the system bus or on the I/O bus. The bus 



width for the source and destination need not be the 
same. If the source, for example, is a 16-bit device, 
while the destination is an 8-bit device, the 8089 will 
disassemble the 16-bit word automatically as part of the 
DMA transfer process. The transfer can be synchro- 
nized by the source, by the destination, or it can be free 
running. The 8089 can effect data transfers at rates up to 
1.25 megabytes when a 5 MHz clock is used. 

Unlike most DMA controllers, the 8089 uses a two- 
cycle approach to DMA transfer. A fetch cycle reads 
the data from the source into the 8089, and a store cycle 
writes the data from the 8089 to the destination. This 
two-cycle approach enables the 8089 to perform opera- 
tions on the data being transferred. Typical of such 
operations are translating bytes from one code to an- 
other (for example, EBCDIC to ASCII) or comparing 
data bytes to a search value. 

A variety of conditions can be specified for terminating 
DMA transfers, including single cycle, byte count (up 
to 64K), external event, and data-dependent condi- 
tions, such as the outcome of a masked compare 
operation. 

The CPU in each channel can execute programs in the 
system space (from a memory on the system bus) or in 
the I/O space (from a memory on a separate I/O bus). 
Thus, complete channel programs can be run by the 
8089 without tying up the system bus or interfering with 
the operation of the system CPU. Figure 6 is a simpli- 
fied block diagram of the 8089, showing how the 8089 
interfaces with these two buses. 

The programs that the 8089 executes may be preexisting 
programs stored in ROM or EPROM, or they may be 
programs prepared for the 8089 by the system CPU. In 
the latter case, the programs are typically in modular 
form, contained in "task blocks" that the system CPU 
places in a memory location accessible to the 8089. 
During normal operation, the system CPU then directs 
the 8089 to the various task blocks, according to which 
programs are to be executed. The details of how this is 
done are given below under Software Interface. 

The 8089 has an addressing capability of 64K bytes in 
the I/O space, and thus can support multiple per- 
ipherals, as illustrated in Figure 7. In the system space, 
the 8089 supports 1 -megabyte addressing, and is di- 
rectly compatible with the 8086 or 8088, and with Intel's 
Multibus. The 8089 operates from a single +5V power 
source, and is housed in a standard 40-pin, dual in-line' 
package. The instruction set for the 8089 IOP is specifi- 
cally designed and optimized for I/O processing and 
control, In addition to being able to execute DMA 
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"CHANNEL 1" 




- EXT1 

- 0RQ1 

. SINTR1 



- SINTR2 
EXT2 

- DRQ2 



CHANNEL 2 PROGRAM 



PERIPHERALS 



Figure 6. Simplified Block Diagram of the 8089 



transfers under a wide variety of operating conditions, 
the 8089 can perform logic operations, bit manipula- 
tions, and elementary arithmetic operations on the data 
being transferred, A variety of addressing modes may 
be used, including register indirect, index autQ incre- 
ment, immediate offset, immediate literal, and indexed. 

The register set for the 8089 is shown in Figure 8. Each 
channel has an independent set of these registers, not 



accessible to the other channel. Table 1 gives a brief 
summary of how these registers are used during a pro- 
gram execution or during a DMA transfer. Four of the 
registers can contain memory addresses which refer to 
either the system space or the I/O space. These regis- 
ters each have an associated tag bit. Tag = 0 refers to the 
system space and tag = 1 refers to the I/O space. More 
details on how the registers are used are given below as 
part of the Software Interface section. 
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Figure 7. I/O System with Multiple Peripherals 
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Figure 8. 8089 Register Set 
System Configurations 

The hardware relationship between the host CPU and 
the 8089 can take one of two basic forms — local con- 
figuration or remote configuration. In local configura- 
tion (Figure 9) the IOP shares the system bus interface 



logic with the host CPU. They reside on the same bus, 
sharing the same system address buffers, data buffers, 
and bus timing and control logic. The 8089 requests the 
use of the bus by activating the request/grant line to the 
host CPU. When the host relinquishes the bus, the IOP 
uses all the same hardware, and the host CPU is re- 
stricted from accessing the bus until the 8089 returns 
control of the bus to the host CPU. 

The local configuration is a very economical configura- 
tion in terms of hardware cost, but it does not allow 
concurrent processing, and thus it is not able to really 
take advantage of the 8089's capabilities for indepen- 
dent operation. In the local configuration, the 8089 acts 
as a local DMA controller for the CPU, providing en- 
hanced DMA capabilities and 1 -megabyte addressing. 

For applications such as the color graphics terminal, 
where system bus utilization (and other overhead) due 
to I/O processing would clearly be excessive in the local 
configuration, it is far more desirable to use the remote 
configuration, illustrated in Figure 10. The two proces- 
sors both access the system bus, but each may have its 
own local bus in addition. Each of the processors may 
execute programs from memory on its own local bus, or 
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Table 1. Channel Register Summary 



Register 


Size 


Program 
Access 


System 
or I/O 
Pointer 


Use by Channel Programs 


Use in DMA Transfers 

< 


GA 


20 


Update 


Either 


General, base 


Source/destination pointer 


GB 


20 


Update 


Either 


General, base 


Source/destination pointer 


GC 


20 


Update 


Either 


General, base 


^Translate table pointer 


TP 


2Q 


Update 


Either 


Procedure return, instruction pointer 


Adjusted to reflect cause of termination 


PP 


20 


Reference 


System 


Base 


N/A 


IX 


16 


Update 


N/A 


General, auto-increment 


N/A 


BC 


16 


Update 


N/A 


General 


Byte counter 


MC 


16 


Update 


N/A 


General, masked compare 


Masked compare 
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16 


Update 


- N/A 


Restricted use recommended 
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Figure 9. CPU and IOP in Local Configuration 
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Figure 10. CPU and IOP in Remote Configuration 



on the shared system bus. This creates a much more 
flexible arrangement. Concurrent processing may be 
used, and it is not necessary to synchronize the proces- 
sors. An 8086, for example, may run at 8 or 10 MHz 
while the 8089 operates at 5 MHz. The specific terminal 
design described later in this application note makes 
use of one additional technique to further decouple the 
operation of the two processors. This is a dual-port 
RAM, which is located between the system bus and the 
8089, and serves as display memory and as storage for 
the task blocks created by the 8086 CPU. Details on 
how this dual-port RAM operates are given below in the 
sections describing the terminal design itself. 



Software Interface 

Although the 8089 is an intelligent device which has a 
great deal of ability to function independently when 
managing the course of I/O operations, it typically 
operates under the overall supervision of the host CPU. 



Figure 1 1 illustrates the method of communication be- 
tween the CPU and the IOP. The CPU communicates 
to the IOP by placing messages in memory and activat- 
ing the IOP's channel attention (CA) input. The IOP 
communicates to the CPU by placing messages in sys- 
tem memory and making an interrupt request on one of 
its system interrupt request (SINTR-1 or SINTR-2) 
outputs. 

The messages in memory take the form of linked 
blocks. These blocks are of the following five types: 

1. System Configuration Pointer (SCP) 

2. System Configuration Block (SCB) 

3. Channel Control Block (CCB) 

4. Parameter Block (PB) 

5. Task Block (TB) 

The SCP and SCB blocks are used by the CPU (only 
after reset) to initialize the 8089. The CCB, PB andTB 
blocks are used when the CPU wishes to instruct the 
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IOP to perform a particular sequence of operations. 
Figure 12 shows these five blocks and how they are 
linked. The SCP, SCB, CB, and PB must be in memory 
which is accessible from both the CPU and 8089 (either 
system memory or for this application note, dual-port 
memory). The TB may be in either system or 8089 local 
memory. 

The system configuration pointer is always found at the 
same location (FFFF6) in the system memory. The first 
time channel attention is activated (after an IOP reset) 
the 8089 reads the system configuration pointer from 
this location. The SYSBUS field contains only one sig- 
nificant bit (Bit 0), designated by the letter W. If W = 0, 
the system bus is an 8-bit bus. W = 1 denotes a 16-bit 
system bus. The IOP first assumes an 8-bit bus and 
reads the SYSBUS field. It stores the information as to 
the physical width of the system bus, then immediately 
uses this information in the process of fetching the next 
four bytes, which contain the address of the system 
configuration block. 

The addresses used to link blocks are standard iAPX 86, 
88 pointer variables, each occupying two word loca- 
tions in system memory. The lower-addressed word 
contains an offset, which is added to the segment base 
value (left- shifted four places) found in the upper- 
addressed word to derive the complete 20-bit physical 
address in system memory. If the block is in an I/O 
memory (as a task block might be), only the offset value 
is used. 

After thus deriving the address of the system configura- 
tion block, the IOP reads this block, starting with the 
system operation command (SOC) field. Bit 1 of the 
SOC field specifies the request/grant mode (used in 



local configuration or in multiple-IOP systems). Bit 0 
specifies the I/O bus width (designated I). When 1=0, 
the I/O bus is an 8-bit bus. 1 = 1 denotes a 16-bit I/O bus. 
The IOP then proceeds to read the double- word pointer 
to the channel control block, converts it to the 20-bit 
physical address, and stores it in an internal register 
(the channel control pointer register). This register is 
loaded only during initialization and is not available to 
channel programs. For this reason the channel control 
block cannot be moved unless the IOP is reset and 
reinitialized. 

The initialization is complete when the channel control 
pointer has been stored. The IOP indicates this by clear- 
ing the busy flag in the channel 1 control block (which 
must be set by the host CPU before the initialization 
sequence began). The host CPU can monitor this flag to 
determine when initialization is complete, and then to 
initialize any other 8089s in the system. 

It is the responsibility of the host CPU to make sure that 
the SCP and SCB have the proper contents before 
issuing the channel attention (CA) that begins the in- 
itialization sequence. After initialization, the host CPU 
must also assure that the channel control block (CCB), 
parameter block (PB), and task block (TB) all have the 
proper contents, before issuing a subsequent CA. 

The CA may be issued in the form of an I/O write 
command to the address of the IOP on the Multibus. 
Figure 13 shows a typical decoding circuit for this write 
command. The IOP actually occupies two consecutive 
address locations on this bus, because the AO line is tied 
to the select (SEL) input of the 8089. A zero on the SEL 
line specifies IOP channel 1 for the impending opera- 
tion, while a one specifies IOP channel 2. 
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Figure 12. Linked Block Communication Structure 
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Figure 13. Channel Attention Decoding Circuit 



The channel control block has a section for each chan- 
nel. When the CA is received, the IOP goes to the 
section corresponding to the selected channel, and 



reads the channel command word (CCW). It then sets 
or clears the busy flag (FFH = set, 00H = clear). The 
encoding of the channel command word is shown in 
Figure 14. The CCW provides the IOP with a functional 
command (START in I/O space, HALT, etc.) and 
specifies some of the operating conditions, such as 
interrupt handling, bus load limit, or priority relative to 
the other channel. If the CPU is instructing the IOP to 
execute a program, it is at this point that the CPU 
specifies, via the CCW, whether the instructions are to 
be fetched from the system space or from the 8089's I/O 
space. Refer to iAPX 86,88 User's Manual for specific 
details on the setting and clearing of the busy flag and on 
CCW specifications. 

After the CCW has been read, the IOP reads (if appro- 
priate to the command) the address of the parameter 
block associated with the impending operation, and 
stores the translated address (from the two-word seg- 
ment and offset pair to the 20-bit physical address) in 
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Figure 14. Channel Command Word Encoding 



the parameter pointer (PP) register. PP is another regis- 
ter which is not programmable by the channel program. 
The IOP then goes to this location in system memory, 
and fetches the address of the task block itself. The task 
block contains the actual program to be executed, while 
the parameter block contains parameters to be used by 
that program. 

Except for the first two words, which contain the task 
block address, the parameter block format is up to the 
discretion of the user. Similarly, the task block may 
have any format whatsoever, as long as the IOP can 
execute the program. The parameter block is always in 
system memory, but the task block may be either in 
system memory or in I/O (local) memory. 

The host CPU may prepare as many parameter- 
block/task-block sets as it wishes. An individual set is 
then activated for execution by placing its parameter 
block pointer in the desired channel's control block, 
loading the appropriate channel control word, and issu- 
ing a CA to that channel. 

The registers shown in Figure 8 store (in addition to 
pointer variables) various flags and parameters associ- 
ated with the IOP's operation. Some of these registers 
are loaded automatically with information fetched dur- 
ing the initialization sequence or during channel atten- 
tion processing. Others must be set by executing a 
program using instructions from the IOP's instruction 
set that are specifically designed for loading these 
registers. 



Channel programs (task blocks) are written in ASM-89, 
the 8089 assembly language. About 50 basic instruc- 
tions are available. The IOP instruction set contains 
some instructions similar to those found in CPUs, and 
also other instructions specifically tailored to I/O oper- 
ations. Data transfer, simple arithmetic, logical, and 
address manipulation operations are available. Uncon- 
ditional jump and call instructions are provided so that 
channel programs can link to each other. An individual 
register or even a single bit may be set or cleared with a 
single instruction. Other instructions specify condi- 
tional jumps, initiate DMA transfers, perform sema- 
phore operations, and issue interrupt requests, to the 
CPU. 

A channel program typically ends by posting the result 
of an operation to a field supplied in the parameter 
block, then interrupting the CPU (if interrupts are en- 
abled) and halting. When the channel halts, its associ- 
ated BUSY flag is cleared in the channel control block. 
The CPU can poll this flag (as an alternative to being 
interrupted) to determine when the operation has been 
completed. 



Timing Details 

The basic bus timing relationships for the 8089 are 
identical to those of the 8086 or #088, in that all cycles 
consist of four states (assuming no wait states), and use 
the same time-multiplexing technique for the ad- 
dress/data lines. The address (and ALE signal from the 
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Figure 15. Read Bus Cycle 



8288 bus controller) is output during state Tl for either a 
read or write cycle. During state T2 for a read cycle 
(Figure 15) the address/data lines are floated. During 
state T2 for a write cycle (Figure 16) data is output on 
these lines. During state T3, the write data is main- 
tained or the read data is sampled. The bus cycle is 
concluded in state T4. 

Figure 17 shows some details on the wait state timing 
and Figure 18 shows the RESET-CA initialization 
timing. 

During DMA transfers, the transfer cycle may be 
synchronized by either the source or the destination. 
Figure 19 (source-synchronized transfers) and Figure 
20 (destination-synchronized transfers) show the 
relationships among the basic clock cycles, the DRQ 
signals, and the DACK signals. 

The 8089 does not have a DACK output signal. Rather, 
it uses the more general process of issuing a command 
(for example, I/O read or write) to an address on the I/O 
bus. This command is then hardware decoded to obtain 



a chip select signal for the addressed device. This 
method enables the 8089 to relate to a variety of I/O 
devices in a very flexible manner. 

Figures 19 and 20 also show how the 8089 inserts idle 
clocks to accommodate various DRQ latency condi- 
tions. If maximum efficiency (transfer rate) is desired, it 
is usually possible to remove this latency by techniques 
such as generating an early DRQ. Another possibility is 
to use the unsynchronized DMA transfer mode (DRQ is 
not examined) and to use the READY signal for 
synchronizing transfers. The early DRQ technique will 
be discussed later. 

GRAPHIC CRT SYSTEM DESIGN 

Having examined the requirements for graphic CRT 
systems in general, and having also discussed the capa- 
bilities of the 8089, we can now proceed to describe a 
specific graphic CRT design using the 8089. 

In this design, the system CPU is an 8086. Thus, the 
entire system is called an iAPX 86/11. 
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Figure 18. Reset and Channel Attention Timing 



System Partitioning 

The 8086 and 8089 are arranged in the remote configura- 
tion. This assures that concurrent processing can occur. 
As mentioned earlier, an additional step is taken to 
further decrease system bus utilization for I/O-related 
processes. This step is the inclusion in the system of a 
dual-port RAM, located between the system bus and 
the 8089. This dual-port RAM contains the display 
memory and also contains the linked message blocks 
used for communication between the 8086 and the 8089. 

The system configuration then becomes that shown in 
Figure 21. The dual-port RAM becomes the only data 
path between the 8086 and the 8089. Access to this 
memory is time-shared between the 8086 and the 8089, 
with the 8089 taking less than 50% of the total time 
available. Since the 8089 does not access the system 
bus, the host system can enjoy complete freedom to 
allocate its resources between its own local bus and the 
system bus. The CPU and the IOP can operate 
asynchronously, with the 8086 running on an 8 MHz 
clock and the 8089 on a 5 MHz clock. 

The division of responsibility between the 8086 and the 
8089 is then very clearly defined. The 8086 initializes the 
8089 and specifies the task parameters, storing them in 
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Figure 19. Source-Synchronized Transfer Cycle 
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Figure 20. Destination-Synchronized Transfer Cycle 
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Figure 21. Remote Configuration with Dual-Port RAM 
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the dual-port RAM. In many cases, the 8086 also pre- 
pares the task programs and stores them in the dual- 
port RAM, from which they may be downloaded to a 
memory on the 8089's I/O bus. The 8089 executes the 
task programs (from the dual-port RAM or from a local 
memory on the I/O bus), while the 8086 simultaneously 
executes other control or application programs. The 
application programs may encompass a wide variety of 
operations, but they will always generate the display 
characters and store them in the dual-port RAM. The 
8089 returns status to the 8086 when task program 
execution has been completed. 



Figures 22 and 23 show the manner in which the 
memories are organized. Figure 22, which shows the 
memory configuration for the 8086, should be taken as 
an example, since many different configurations are 
possible, according to the user's application. Figure 23 
shows the memory configuration for the 8089, given the 
particular choices made for the application discussed in 
this note. Of the memories shown in Figure 22, the 2141 
static RAMs and the 2732A EPROMs are located on the 
8086's local bus, while the 2816 EEPROM and the 21 18 
dual-port RAM are interfaced to the Multibus. The 2816 
is a non-volatile read/write memory equivalent in its 
storage capacity to the 2716 EPROM. 
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Figure 22. CPU Memory Organization 
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Figure 23. IOP Memory Organization 
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8086/8089 Software Interface 

Comparing Figures 22 and 23, it can be seen that the 
2118 dynamic RAM appears in the memory con- 
figurations for both the 8086 and the $089. In the 8086's 
system space, this memory occupies addresses F0000 
through F7FFF, while in the 8089's system space, its 
address range is F8000 through FFFFF. 

Figure 24 shows the organization of the dual-port 
RAM. The addresses given are those seen by the 8089. 
The display data (for the CRT refresh function) is con- 
tained in the two largest blocks—Display Page 0 and 
Display Page 1. Each page contains 15K bytes, enough 
to refresh a color graphic screen containing 48 rows of 
80 characters each. In typical operation, the 8086 and 
the 8089 both access the same page of display data. In 
special cases, such as animated displays, the 8089 per- 
forms repetitive DMA transfers from one of these 
pages, while the 8086 is generating new display material 
and storing it in the other page. The display page pointer 
(DSPLY_PG_PTR) in the parameter block specifies 
which of these pages is to be displayed at any given 
time. This pointer may be changed by the 8086, or by a 
command from the terminal keyboard. 

The Command Buffer is a 256-byte area set aside for 
transferring ASCII characters from the 8086 to the 
8089. It is like a second keyboard, scanned by the 8089. 
It takes precedence over any real keyboard activity. 
The COM—8086 flag in the parameter block is used to 
indicate when there are entries in the command block 
area. 

The EEPROM Buffer is a 256-byte area used in connec- 
tion with the non-volatile EEPROM memory, an op- 
tional memory which may be located on the Multibus. 
One use of such a memory would be to store ASCII 
strings, which could then be recalled by the 8086 upon 
recognition of special keyboard control code 
sequences. 

The Keyboard Buffer is a 256-byte area which serves as 
a storage area for ASCII characters entered from the 
terminal keyboard. When this buffer becomes full, or 
when a return is entered at the keyboard, an end-of-file 
byte is placed after the last entered character, and the 
keyboard buffer full (KBD_BUF_FULL) flag is set in 
the parameter block. This prevents the 8089 from pro- 
cessing any more inputs from the keyboard, until the 
8086 resets KBD__BUF_FULL. 

The Spare blocks total IK (1024) bytes, and may be 
used for any purpose, according to the user's 
application. 
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Figure 24. Organization of the Dual-Port RAM 



The Linked IOP Control Blocks are those which have 
been discussed above, as part of the 8089 overview. The 
specific memory locations are as shown in Figure 25. 
Note that there is only one parameter block, and no task 
blocks present. Only one task block is used in this 
application, and it is stored in the 2732A EPROMs on 
the 8089's I/O bus. 
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Figure 25. Organization of the Linked 
IOP Control Blocks Area 

As mentioned earlier, the structure of the parameter 
block is very flexible. Only the first four bytes are fixed 
(because of the 8089's requirements). These four bytes 
contain the address of the task block. The remaining 
space in the parameter block may be defined by the 
user. The following list shows the parameter block 
structure that is used in support of the channel program 
contained in the 2732A EPROMs on the 8089's I/O bus. 



TP_LSW 


DW 


TP_MSD- 


DW 


EEP—INH 


DB 


EEP_BUF_FULL 


DB 


EEP—RECALL 


DB 


COL_CH_INH 


DB 


KBD—INH 


DB 


KBD_ BUF—FULL 


DB 


COM_8086 


DB 


COLOR 


DB 


STR^PTR_8086 


DW 


BACK-COL-SW 


DB 


MON—INH 


DB 


DSPLY_PG_PTR 


DB 


SCROLL—REQ 


DB 


MON-HOM 


DW 


MON-END 


DW 


MON_ LMARG 


DW 


MON^_RMARG 


DW 


KBD_BUF_PTR 


DW 



In the above table, DB represents a one-byte quantity, 
and DW represents a two-byte quantity. 

TP-LSW and TP_MSD are the two words making up 
the task pointer. However, since in this application the 
task program is in the I/O space, only the least- 
significant word (LSW) is fetched. 

EEP—INH, when not equal to zero, indicates that the 
EEPROM buffer is closed to keystrokes or 8086 ASCII 
commands. 

EEP_BUF_FULL, when not equal to zero, indicates 
that the EEPROM buffer is full. 

EEP—RECALL, when not equal to zero, indicates that 
the 8089 is recalling the contents of an EEPROM buffer 
area. 

COL-CH— INH, when not equal to zero, inhibits the 
color control keys on the keyboard. 

KBD—INH, when not equal to zero, inhibits the pro- 
cessing of keystrokes (entered at the keyboard) by the 
8089. Up to 6 keystrokes may be saved in the keyboard 
controller and may be processed later. 

KBD— BUF—FULL, when not equal to zero, indicates 
that a new line of keyboard data needs to be processed 
by the 8086. The 8089 sets KBD_ BUF_ FULL equal to 
-1 when the return key is pressed. The 8086 resets 
KBD—BUF—FULL to zero after it has read this data. 

COM— 8086, when not equal to zero, indicates that 
there are ASCII commands in the command buffer 
areas of dual-port RAM that need to be processed by 
the 8089. 

COLOR determines the foreground and background 
colors to be used in connection with ASCII characters 
entered at the keyboard, or sent by the 808$ via the 
command buffer area. In the COLOR byte, bits B0-B2 
determine the background color, while B3-B5 deter- 
mine the foreground color. The following code is used: 



000 


Black 


001 


Red 


010 


Green 


011 


Yellow 


100 


Blue 


101 


Magenta 


110 


Cyan 


111 


White 



STR-PTR-8086 is a two-byte quantity that serves as 
an offset address for the ASCII characters in the com- 
mand buffer. , 
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BACK-XOL^SW determines whether the 8089 color 
control keys will alter the foreground or the back- 
ground portions of the COLOR byte. If BACK- 
—COL—SW equals zero, the foreground color is 
altered. If BACK_COL_SW is not equal to zero, the 
background color is altered. 

MON-INH, when not equal to zero, suspends DMA 
transfers by the 8089 from display memory to the 8275s. 
When MON-JNH is cleared, DMA will resume. 

DSPLY_PG_JPTR determines which of the two display 
pages will be used to refresh the CRT. If DSPLY-- 
PG—PTR equals zero, page 0 will be displayed./ If 
DSPLY__PG_PTR does not equal zero, page 1 will be 
displayed. 

SCROLL_REQ is set by the 8089 to indicate to the 8086 
that the cursor is at the bottom of the page, and that key 
entry/command processing has been halted, pending a 
display memory scroll operation. When the 8086 has 
performed this operation, it clears SCROLL-REQ. 

MON-HOM, MON_END, MON—LMARG, and 
MON— RMARG specify, respectively, the upper, lower, 
left, and right boundaries of the region on the screen in 
which keyboard entries will be displayed. 

KBD_BUF_PTR is a two-byte quantity that serves as 
an address for the ASCII characters in the keyboard 
buffer. 

Note that a number of these parameters support op- 
tions (e.g., EEPROM buffer) and are not critical to the 
graphic operation described in this application note. 

8089 Display Hardware Interface 

This section describes the hardware of the peripheral 
processing module (PPM), which includes everything 
between the system bus and the CRT display/keyboard 
unit. The overall organization of the PPM is as shown in 
Figure 21. The dual-port RAM can be accessed from 
either the system bus or the 8089's local bus; The 8089 is 
said to be operating in the system space when it is 
accessing the dual-port RAM, and in the I/O space 
when it is accessing devices on the I/O bus. Included on 
the I/O bus are four 8275 CRT controllers, an 8279-5 
keyboard controller, two 2732 A EPROMs, which are 
used to hold channel programs, and four 2114 static 
RAMs, which are used as scratch-pad RAM for the 
8089. 

As explained above (under OVERVIEW OF CRT 
GRAPHIC SYSTEMS, Performance Requirements), 
four bytes are used to specify each character in the 



display. The first byte determines whether the character 
is a text character or a graphic character, and specifies 
the colors for foreground and background. If it is a text 
character, the second byte specifies the character with 
a seven-bit ASCII code, and the remaining two bytes 
are not used. If it is a graphics character, the second, 
third, and fourth bytes contain the color specification 
for each of the twenty distinct picture elements (pixels) 
within the character. Use of the foreground color is 
indicated by a one in the respective bit position, while a 
. zero specifies use of the background color. 

The structure of the display characters and the formats 
of the individual bytes are shown in Figures 4 and 5. 

The four 8275 CRT controllers on the 8089's I/O bus are 
used to process the four bytes comprising each charac- 
ter. Since the 8089 can transfer two bytes at a time in 
DMA mode, the four bytes are transferred in two 
stages. In the first stage, the 8089 fetches the first two 
bytes from the dual-port RAM, and transfers these two 
bytes into the first pair of CRT controllers. In the 
second stage, the 8089 fetches the second two bytes 
from the dual-port RAM, and transfers these two bytes 
into the second pair of CRT controllers. This process is 
repeated 80 times to transfer the 80 characters making 
up each row in the display. 

The distinction between text and graphic characters is 
entirely transparent to the 8089. Four bytes are trans- 
ferred in every case, even though the text information 
only requires two bytes per character. 

We shall now examine the hardware schematics in 
detail, to see how the various functions of the PPM are 
implemented. Figure 26 shows the 8089 IOP and its 
associated bus controller. At the top left are the inputs 
through which the 8089 is controlled. The DRQF signal 
(detailed later) is the DMA request that initiates the 
transfer of two bytes from the IOP to two of the four 
CRT controllers. DRQF comes from the 8275s via a 
one-shot, and is connected to the DRQ 1 input of the 
8089. 

IRQ is an interrupt request that comes from the 8275s. 
It is activated after an entire screen's video information 
has been transferred from the dual-port RAM to the 
8275s. IRQ is connected to the EXT 1 input of the 8089. 
It is necessary to program the 8089 to terminate the 
DMA transfer on an external event, in order for this 
signal to be effective. 

CA is the Channel attention signal. Upon receipt of CA, 
the 8089 reads the channel control word (CCW) from 
the dual-pbrt RAM. From the CCW, the 8089 deter- 
/ mines the nature of the operation assigned to it by the 



3-144 



AFN-02172A 



AP-123 




AO/DO 
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A4/D4 
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Figure 26. 8089 I/O Processor and 8288 Bus Controller 



8086. CA is derived by hardware decoding of an I/O 
write command made by the 8086 to address 00H or 
address 01H on the Multibus. The lowest-order bit of 
this address is used to specify whether channel 1 or 
channel 2 of the IOP is to be selected, and is connected 
to the 8089's SEL input. In this application, the DMA 
transfers are always performed by channel 1 . 



RDY is the ready signal that comes from the 8202 
dynamic RAM controller, and is synchronized by the 
8284A clock generator. RDY is low whenever the 8086 
is accessing the dual-port RAM. The RDY signal is used 
to establish a master/slave relationship between the 
8086 and the 8089, with the 8086 as the master. As 
mentioned earlier, the 8089 accesses the dual-port 
RAM about 50% of the time during DMA transfers. It , 
can be seen, referring to Figure 20, that if no idle clocks 
occur, the IOP will access the dual-port RAM during 
the four clock times of the DMA-fetch bus cycle, and 
will access the I/O bus during the four clock times of the 
DMA-store bus cycle. While the 8089 is doing the store 
operation, the 8086 can access the dual-port RAM. 
Once the 8086 has gained this access, the RDY signal 
will remain low until the 8086 is finished. The 8089 waits 
for RDY to go high before making a subsequent fetch. 



At 5 MHz, the 8089 requires 3.2 microseconds (16 clock 
cycles) to transfer the four bytes representing a graphic 
character from the display memory to the four 8275s, 
assuming that no wait states have been inserted be- 
cause of the 8086's access to the dual-port RAM, or 
because of dynamic RAM refresh functions. A com- 
plete row, consisting of 80 characters, requires 80 x 3.2 
= 256 microseconds. The time allowed to complete the 
transfer of one row must be less than the time it takes to 
display that row on the screen. This latter time is equal 
to 1/50 of the total screen update time, or 1/3000 of a 
second (333 microseconds). Comparing the two figures 
(256 vs 333), it can be seen that there are 77 microsec- 
onds available for such wait states. It is the responsibil- 
ity of the software designer to control the 8086's access 
to dual-port RAM in such a mannner that the added 
wait states do not total more than 77 microseconds in 
any span of 333 microseconds. Otherwise, underruns 
may occur and the CRT screen will be blanked. See 
System Performance (below) for further discussion on 
this effect. 

RST is the IOP reset signal, which comes from the 
8284A clock generator. The first CA after RST causes 
the IOP to access address FFFF6 in the dual-port 
RAM, in order to read the system configuration pointer. 
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Outputs from the IOP are the time-multiplexed address 
and data lines, BHE/ (bus high enable), status lines SO, 
SI, and S2, and the system interrupt request lines, 
SINTR-1 and SINTR-2. The interrupt lines go directly 
to the Multibus, and from there they become inputs to 
the 8086's 8259A interrupt controller. 

Figure 27 shows the I/O address latches and decoder, 
and the circuitry used to generate the DACK/ signals 
for the CRT controllers. The IOP status bit S2 indicates 
whether the IOP is accessing the I/O space or the sys- 
tem space. Latched by ALE (address latch enable), S2/ 
generates IO and 10/. 10 and 10/ are used to indicate 
that the 8089 is not accessing dual-port RAM. 10/ goes 
to the dual-port RAM controller. 



The DACK/ signals are generated in the following 
manner: 

1. Both 8275 pairs are accessed by the 8089 (DMA 
mode) via port AOOOH. 

2. Hardware is used to select one pair of CRT con- 
trollers (bytes 0 and 1 or bytes 2 and 3). 

3 . As the £089 reads (DMA) the word from the dual- 
port memory, address bit 1 (SA1) is latched with 
the memory read command (MRDC/). 

4. When SA1 = 0, DACK 1/ is activated. 

5. When SA1 = 1, DACK 21 is activated. 

6. In this manner the 8089 performs alternating 
writes (DMA) to the 8275 pairs. 
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Figure 27. Address Latches, Decoders, and DACK Generator 
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Figure 28 shows the bus transceivers used between the 
8089 and the I/O bus, and also shows the 2732 
EPROMs. 

Figure 29 shows the 2K bytes of 2114 static RAM on 
the I/O bus, which are used as scratch-pad RAM for 
the 8089. 

Figure 30 shows the 8279-5 keyboard controller, and 
also shows the 8284A clock generator that produces the 
CLK, RDY, and RST signals for the 8089. For more 
information on interfacing the 8279-5 to the keyboard 
(Cherry Electrical Products B70-05AB), refer to the 
8279/8279-5 data sheet and application note AP-32, CRT 
Terminal Design Using the Intel 8275 and 8279. 



IOA0-IOA15 



Figure 31 shows the clock generator for the character 
timing and dot timing. The character clock frequency (C 
CLK) is 1/8 of the dot clock frequency (D CLK), 10.8 
MHz. Also shown in Figure 31 is a 9602 one-shot used 
to generate the video sync pulses. 

Figure 32 shows the CRT Controllers #0 and # 1 . Bit 6 
of Byte 0 determines whether the display character is 
text or graphic. If Bit 6 is low, the character is a text 
character, and Byte 1 is used to address the 2732A 
character generator ROM. Bytes 2 and 3 are ignored. 
The line count outputs LC0-LC3 of an 8275 (any 8275 
can be used, since they are all synchronized) are also 
applied to the character generator to perform the line 
select function. 
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Figure 28. Bus Transceivers and EPROMs on I/O Bus 
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Figure 29. Static RAMs on I/O Bus 
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Figure 30. Keyboard Controller and Clock Generator 
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Figure 31. Character Clock Generator and Video Sync Pulse 
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Figure 32. CRT Controllers, Color Multiplexer, and Character Generator 



AP-123 



For each character, the foreground and background 
color bits are output from Byte 6 and latched into the 
74LS 174, from which they are applied to the input of the 
74LS157 multiplexer. Selection between foreground 
and background is done by the output of the 74LS166 
parallel-to-serial converter, which operates from either 
the text or graphic character generator, as appropriate. 
The roles of foreground and background color may be 
reversed by the RVV (reverse video) signal from the 
8275, which is exclusive-ORed with this color select 
output. 

Since the RBG (red-blue-green) inputs of the color 
monitor (Aydin Controls 8039D) are AC coupled, 
return-to-zero type outputs are needed to pass these 
signals through the input stages. This is provided by 
strobing the gate input of the 74LS157 multiplexer with 
the D CLK (dot clock) signal. By varying the duty cycle 
of the D CLK, the user can produce many different 



shades of color. The D CLK signal is ORed with the VSP 
(video suppress) signal from the 8275, to produce com- 
plete video blanking when desired. 

Figure 33 shows the CRT Controllers #2 and #3, the 
decoder for the line select function, and latches for the 
video control signals. CRT controllers #2 and #3 are 
operational in graphics mode only. Synchronization of 
the two pairs of CRT controllers is discussed in the 8089 
Display Functions Software section. 

Figure 34 shows the tri-state buffers used to handle the 
color information within a graphic character. The 
decoded line count outputs (ROW 0/-ROW 4/) are used 
to select which buffer is enabled onto the bus. The 
buffer A36, enabled by the GRAPH MODE signal, is 
used to "double up" the four graphic cells to produce 
eight (horizontal) dot inputs to the shift register (Figure 
32). 
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Figure 33. CRT Controllers, Line Decoder, and Video Control Signal Latch 
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Figure 34. Tri-State Buffers for Graphic Color Information 
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The block diagram in Figure 35 shows how the text 
characters are processed. The following statements ap- 
ply to Figure 35: 

1. Byte 0, Bit 6 = 0 indicates text mode. 

2. The six color signals from CRT Controller #0 
(three foreground and three background) are 
latched and transmitted to the multiplexer. 

3. The seven character output signals and the three 
line count signals from CRT Controller #1 are 
transmitted to the text character generator. 



4. The eight output signals from the text character 
generator are transmitted to the parallel-to-serial 
converter. 

5. The serial, horizontal dot data is transmitted to 
the multiplexer and selects foreground (dot data 
bit = 0) or background (dot data bit = 1) color 
signals. 

6. The red, blue, and green color signals are trans- v 
mitted to the color monitor. 

7. CRT Controllers #2 and #3 are not operational in 
text mode. 
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Figure 35. Processing of Text Characters 
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The block diagram in Figure 36 shows how graphic 
characters are processed. The following statements ap- 
ply to Figure 36: 

1. Byte 0, Bit 6 = 1 indicates graphic mode. 

2. The six color signals from CRT Controller #0 
(three foreground and three background) are 
latched and transmitted to the multiplexer. 

3. The three line count signals from CRT Controller 
#1 are transmitted to a one-of-eight decoder 
which generates five row select signals (ROW 0- 
ROW 4). 

4. The twenty pixel signals from CRT Controllers 
#1, #2, and #3 are transmitted to three octal 
buffers. 



5. The four pixel signals of the selected row (based 
on the row select signals) are transmitted to an- 
other octal buffer. 

6. The octal buffer converts these four bits to eight 
bits by duplicating each signal. Thus, output bits 0 
and 1 are equal, 2 and 3 are equal, etc. 

7. The eight output signals of the octal buffer are 
transmitted to the parallel-to-serial converter. 

8. The serial, horizontal dot data is transmitted to 
the multiplexer and selects foreground (dot data 
bit = 0) or background (dot data bit = 1) color 
signals. 

9. The red, blue, and green color signals are trans- 
mitted to the color monitor. 
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Figure 36. Processing of Graphic Characters 
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Figure 37 shows the circuit used to synchronize the 
8275s, and also the circuit used to generate the DRQF 
signal. As mentioned earlier (see Figure 20), if the 8089 
were to wait for a subsequent DRQ signal from the 
8275s, some clock cycles would be allocated to idle 
clocks, and the DMA transfer would become less effi- 



cient. To preclude this, the circuit shown in Figure 37 
generates a surrogate (early) DRQ signal, DRQF, using 
a one-shot triggered by the trailing edge of DRQ (DRQ 1 
AND DRQ 2). The one-shot times out prior to the rising 
edge of CLK in T4 of the DMAs store bus cycle. 
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Figure 37. Circuits to Synchronize CRT Controllers and Generate DRQF 
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Figure 38 shows the relationship between the individual 
DRQ signals from the 8275s and the DRQF signal that is 
sent to the 8089. DRQ 1 is the data request representing 
the 8275s #0 and #1, while DRQ 2 similarly represents 
the 8275s #2 and #3. The DACK 1/ and DACK 21 
signals (along with AIOWC/) are used to deactivate 
DRQ 1 and DRQ 2, respectively. 



Figure 39 shows the multiplexer used to control writing 
of data to the dual-port RAM. When 10 and S WTC/ are 
both low, the 8089 data is gated to the dual-port RAM. 
When BDSEL/ and SWTC/ are both low, the 8086 data 
is gated to the dual-port RAM. BDSEL/ may be active 
only when the 8089 is in the I/O space. Note that the 
address range for the dual-port RAM is F8000-FFFFF 
as seen by the 8089, and F0000-F7FFF as seen by the 
8086. 
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Figure 38. Derivation of DRQF Signal 
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Figure 39. Multiplexer for Writing to Dual-Port RAM 
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Figure 40 shows the demultiplexer used to control read- 
ing of data from the dual-port RAM. The internal trans- 
fer acknowledge (SACK/) signal from the dynamic 
RAM controller latches this data. If MRDC/ is active, 
the data is then gated to the 8089. If BD EN AI is active, 
the data is gated to the Multibus for transmission to the 
8086. 



Figure 41 shows the multiplexer for the address inputs 
to the dual-port RAM. If the 10 signal is high, the 
address on the Multibus is gated into the dual-port 
RAM. If 10 is low, the address from the 8089 is gated 
into the dual-port RAM. 
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Figure 40. 
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Figure 41. Multiplexer for Address Inputs to Dual-Port RAM 
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Figure 42 shows the 8202 dynamic RAM controller. The 
inputs SA0-SA19 come from the multiplexer shown in 
Figure 41. The dynamic RAM controller generates the 
control signals (shown at the right of the page) for 
operating the dynamic RAM. 

Figures 43 and 44 show the dynamic RAM itself. 



8089 Display Functions Software 

The 8089 display functions software consists of a single 
program which is executed by the 8089 on a continuous 
basis. This program performs the following functions: 

Initialization for the 8089 itself and for the CRT con- 
trollers and the keyboard controller; 
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Figure 42. Dynamic RAM Controller 
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Figure 43. Dynamic RAM (Low Data Byte) 
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The transfer instruction which causes the DMA 
transfer of the CRT refresh data to begin. 

Polling routines for the keyboard and the command 
buffer. 

Figure 45 is a simplified flowchart showing the relation- 
ships among these three main functions. The program 
begins upon receipt of the second CA (channel atten- 
tion) following an IOP reset. After the initialization 
processes have been completed, the program loops 
continuously, alternating between DMA transfer and 
polling processes. There are 48 rows of characters on 
the screen. The polling processes are carried out during 
the vertical retrace time, which is the equivalent of 2 
rows. Thus, it is easy to see that the DMA process uses 
up 96% of the 8089's time, leaving 4% for the polling 
processes. 
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(DMA) 
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Figure 45. Channel Program Simplified Flowchart 

As mentioned earlier, the channel program is stored in 
the 2732A EPROMs on the I/O bus. Figure 23 (above) 
shows the address assignments for devices on the I/O 
bus. The 2732As occupy addresses 200O-3FFF. The 
8089 also uses a scratch-pad static RAM (2K bytes at 



addresses 0000-07FF). The CRT controllers are ac- 
cessed by using addresses 4000 and 6000 on the I/O 
bus. Address 6000 is "CRT Controller 1" and actually 
refers to the first pair of 8275s. Address 4000 is "CRT 
Controller 2," the second pair of 8275s. Address 8000 is 
a clock enable address. Write commands to this address 
enable or disable the GC clock, which is the character 
clock for the 8275s. Address A000 is decoded to pro- 
duce the DACK signal for the 8275s. Address C000 is 
the address of the keyboard controller. 

The exact manner in which the channel program ex- 
ecutes depends on the flag settings and parameter 
values in the parameter block. 

Appendix A is a flowchart for the complete channel 
program-. Appendix B is the corresponding ASM-89 
assembly language listing. In the paragraphs to follow, a 
general overview of the channel program is given. The 
reader may refer to the flowchart and listing if a more 
detailed description is desired. 

The first CA after IOP reset causes the 8089 to fetch the 
system configuration pointer (SCP) and system configu- 
ration block (SCB) from dual-port memory. These 
blocks contain certain very basic system-level informa- 
tion for the 8089, as explained above under Overview of 
the 8089. 

The next CA causes the channel program to begin ex- 
ecution (at the point marked START on the flowchart). 
The initialization portion of the channel program con- 
sists of the following operations: 

Start and initialize the 8275 CRT controllers. 

Initialize the 8279 keyboard controller. 

Initialize the dual-port variables (parameter block). 

Synchronize the 8275 CRT controllers. 

To initialize and synchronize the 8275s, the channel 
program performs the following operations: 

Enable the GC CLK to the 8275s by writing 01H to 
I/O port address 8000H. 

Send the Reset command to the 8275s, followed by 
the four screen format parameters (all commands 
sent to the 8275s are sent first to the pair of 8275s at 
address 6000H and then repeated for the second pair 
of 8275s at address 4000H). 

Send the Preset Counters command to the 8275s. 

Disable the GC CLK by Writing 0QH to address 
8000H. 

Send the Start Display command to the 8275s. 

Enable the GC CLK again by writing 01H to address 
8000H. The 8275s are now initialized and 
synchronized. 
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After the initializations have been completed, the chan- 
nel program enters its main loop. The 8089 channel 
control register is loaded to specify the following DMA 
conditions: 

Data transfer from memory to I/O port. 

Destination-synchronized transfer. 

GA register pointing to data source. 

Termination on external event. 

Termination offset = 0. 

The source for the DMA transfer (display page 0 or 1) is 
then selected according to the value of DSPLY_- 
PG—PTR (the display page pointer initialized by the 
host CPU) in the parameter block. The CRT character 
clock is then started and the DMA transfer begins. 
When the entire screen has been refreshed, the 8275s 
activate the 8089's EXT input. 

The 8089 then executes the SINTR instruction, which 
causes an interrupt to be sent to the 8086 (SINTR- 1 line 
on the Multibus), to notify the 8086 that the page trans- 
fer has been completed. The 8089 then reads the CRT 
controller status registers which causes the IRQ signal 
(from the 8275s to the 8089) to be reset. 

The channel program then begins the polling process 
which checks for ASCII commands from the 8086 (in 
the command buffer) and also for key depressions at the 
keyboard. In addition to the alphanumeric characters, 
the channel program recognizes the following control 
characters: 



Character 


Code 


Description 


CNTRL-A 


01 


Monitor Inhibit 


CNTRl^B 


02 


Monitor Uninhibit 


CNTRL-C 


03 


EEPROM Inhibit 


CNTRI^D 


04 


EEPROM Uninhibit 


CNTRL-E 


05 


Turn on EEPROM Buffer 


CNTRL-F 


06 


Display Page 0 


CNTRI^G 


07 


Display Page 1 


CNTRL-H 


08 


Backspace 


CNTRI^I 


09 


TAB (Every 8 Characters) 


CNTRLJ 


OA 


Linefeed 


CNTRL-K 


0B 


EEPROM Buffer Off 


CNTRL-L 


OC 


Erase Page 


CNTRL-M 


0D 


Carriage Return 


CNTRL-N 


0E 


Set Background Color 


CNTRL-O 


OF 


Set Foreground Color 


CNTRI^P 


10 


Set Color to Black 


CNTRI^Q 


11 


Set Color to Red 


CNTRI^R 


12 


Set Color to Green 


CNTRL-S 


13 


Set Color to Yellow 


CNTRI^T 


14 


Set Color to Blue 


CNTRI^U 


15 


Set Color to Magenta 


CNTRL-V 


16 


Set Color to Cyan 



CNTRL-W 


17 


Set Color to White 


CNTRI^X 


18 


Abort Line 


CNTRLrY 


19 


Cursor Right 


CNTRL-Z 


1A 


Cursor Down and Left 


CNTRI/ 


IE 


Cursor Up 


CNTRI^/ 


1C 


Cursor Home 


CNTRL-DEL 


IF* 


Recall EEPROM Buffer 



The first four commands listed above are not recog- 
nized if they originate from the physical keyboard, but 
are recognized if they appear as ASCII commands in 
the command buffer (that is, if they come from the 
8086). Refer to the flowchart (Appendix A) for more 
details on how the channel program responds to the 
control characters. 

System Performance 

The 8089 performs DMA transfers on 921,600 bytes of 
display data per second. In addition, the 8089 executes 
a polling routine (described above) during the vertical 
retrace time (the equivalent of two display rows). The 
DMA transfer (for a single frame) takes 16.000 millisec- 
onds. This leaves .667 milliseconds for the polling 
routine to execute, out of a total of 1/60-second CRT 
refresh period. The program listed in Appendix B takes 
about 300 microseconds to execute, approximately half 
the available time. When the polling process is finished, 
the channel program goes back to DMA mode, and 
waits for the first DRQ signal from the 8275s. 

While the polling routine is executing, the 8089 makes 
most of its memory accesses in the I/O space, and the 
dual-port RAM is available to the 8086. When the 8089 
returns to the DMA routine, however, it hangs the 
dual-port RAM while waiting for DRQ. This occurs 
because the fetch from the dual-port RAM deactivates 
the IO signal which locks out the 8086 from the dual- 
port RAM. The IO signal is then not activated until 
DRQ is received and the data is written to the CRT 
controllers. This can adversely affect system through- 
put. Therefore, if it is desired to increase the 8086's 
access to the dual-port RAM during this period, the 
user should insert NOPs into the channel program so 
that it spends more time in the I/O space before return- 
ing to DMA. 

The 8086 may also access dual-port RAM during the 
DMA transfer. The dual-port RAM is available to the 
8086 on approximately a 50% duty cycle (during the 
store portion of the DMA transfer cycle). The 8089's 
store cycle is 800 nanoseconds long (assuming a 5 MHz 
clock). The 8086's access to dual-port RAM (assuming 
an 8 MHz clock) takes 500 nanoseconds. However, 
since the two processors operate asynchronously, the 
8086 may begin its access at any point during the 8089's 
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DMA store cycle. Since the 8086 is the master relative 
to the dual-port RAM, the ready signal for the 8089's 
next fetch operation will not be generated until the 8086 
is through. Thus, on occasion, the 8089 will have to 
wait. 

Each row of characters requires 256 microseconds of 
DMA transfer time if no such wait states occur. The 
repetition rate for rows of characters is 333 microsec- 
onds (1/3000 second). Thus, the accumulated wait 
states due to the 8086's access to dual-port RAM may 
total 77 microseconds before any underrun occurs. The 
8086 programs should be written in such a manner that 
the added wait states do not total 77 microseconds 
during any one period of 333 microseconds. The most 
important single factor in assuring this is to avoid mak- 
ing long burst transfers to or from the dual-port RAM. 
If an underrun does occur, the entire screen will be 
blanked until the beginning of the next frame. 

Aside from the shared access to dual-port RAM, the 
two processors may operate concurrently with no coor- 
dination necessary. Operations performed by the 8086 
(such as numeric processing of display data) may be 
programmed without regard to the overhead associated 
with IOP operations. 

Conclusions 

This application note has demonstrated that a high- 
performance, color-graphic CRT terminal can be con- 
veniently built using the Intel iAPX 86/11 
microprocessor system. This system utilizes a high- 
performance 8086 CPU operating at 8 MHz and an 8089 
I/O processor operating at 5 MHz. 

In particular, the unique abilities of the 8089 lend them- 
selves to the graphic CRT application by enabling a true 
multiprocessing approach to be used. The following list 
summarizes the capabilities used in this specific design: 



.High-speed DMA transfers (up to 1.25 mega- 
bytes/second) without wait states. 

Capabilities of a CPU and a DMA controller in a 
single 40-pin package. 

Support of concurrent operation for the system CPU 
and the I/O processor. Ability to access memory and 
address devices on both a system bus and a separate 
I/O bus. 

Flexible, memory-based communications between 
the I/O processor and the system CPU. 

Capability for 1-megabyte addressing in the system 
space. 

Capability for 16-bit DMA transfer, with external 
event termination. 

Support of modular, subsystem development effort 
due to the simple software interface (memory-based 
communications, plus channel attention and inter- 
rupt signals) and the simple hardware interface (CA, 
SEL, and SINTR lines). 

The following 8089 capabilities were not used in the 
design described in this note, but may be useful in other 
graphic CRT systems or I/O processing systems: 

Two channels, each of which may execute instruc- 
tions and perform DMA transfers. 

Bit manipulation instructions. 

Support of both 8-bit and 16-bit bus width in the 
system space and in the I/O space. 

Enhanced DMA capabilities, including: 

Translation (e.g., ASCII to EBCDIC code). 

Termination on masked compare. 

Word assembly/disassembly (8-bit word to/from 16- 
bit word). 

Memory-to-memory or I/O-to-I/O transfer. 
Synchronization on source, destination, or neither. 
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INITIALIZATION 



C START ) 



START 
AND INITIALIZE 8275 
CRT CONTROLLERS 



INITIALIZE 8279 

KEYBOARD 
CONTROLLER 



INITIALIZE STATIC 
RAM AND DUAL-PORT 
VARIABLES 



STOP CLOCK 
TO 8275s AND 
SYNCHRONIZE 



USE DISPLAY 
PAGE OAS SOURCE 
POINTER AND CRT AS 
DESTINATION 
POINTER 




CHANGE DMA 
SOURCE POINTER 
TO DISPLAY PAGE 1 




READ 8275 
STATUS REGISTERS 



AND MAIN LOOP 

DMA-BYPASS 




NO 

COM-STR-BYPASS 



SET UP CURSOR 
POSITION IN 8275* 



INCREMENT 8086 
COMMAND STRING 
POINTER 




CLEAR 8086 
COMMAND STRING 
POINTER 



SAVE 8086 
COMMAND IN 
KEYSTROKE REG 




CLEAR 6086 
COMMAND STRING 
POINTER 



I CURSOR-UPDATE 



al I DMA-BYPASS 
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KEY AND COMMAND DECODE 




CURSOR-UPDATE 



GET KEY FROM 3279 
AND SAVE IT 



SAVE ASCII 
CHARACTER FOR 
EEPROM BUFFER 
RECALL 



CURSOR-UPDATE 




SAVE FIRST 
CHARACTER AFTER 
CNTL — E IN BUFFER 
FOR USE AS 
8086 INDEX 



a6 1 CHAR— OUT 



INCREMENT EEPROM 
BUFFER PTR 



CURSOR-UPDATE 



NOT-CNTRLD 



01 H 
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03H 



MONITOR INHIBIT 
MONITOR UNINHIBIT 
EEPROM INHIBIT 
EEPROM UNINHIBIT 




V. CNTRL-2? ^S* 
1 NO 



( a4 J CURSOR-UPDATE 



CNTRL-F 


06H 




CNTRL-G 


07H 




CNTRL-M 


ODH 


CHAR-CR 


CNTRL-H 


08H 


BACK-SPACE 


CNTRL-P to CNTRL 






W 


10H-17H 


COLOR-KEY 


CNTRL-N 


OEH 


CNTRL-N 


CNTRL-0 


OFH 


CNTRL-0 


CNTRL-E 


05H 


CNTRL-E 


CNTRL-K 


OBH 


CNTRL-K 


CNTRL-DEL 


1FH 


EEP-DUMP 


CNTRL-2 


09H 


CURSOR-TAB 


CNTRL-L 


OCH 


ERASE-PAQE 


CNTRL-X 


18H 


CNTRL-X 


CNTLA 


ipH 


CURSOR-HOME 


CNTL-A 


1EH 


UP-CURSOR 


CNTRL-J 
CNTRL-V 


OAH 


DWN-CURSOR 


19H 


RIGHT-CURSOR 


CNTRL-Z 


1AH 


BACK-DOWN 
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CONTROL KEY OPERATIONS 
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SIGNAL 8086 
THAT THE KEYBOARD 
BUFFER IS FULL 



0 



EEP-UP-EXIT 
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CONTROL KEY OPERATIONS 
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CONTROL KEY OPERATIONS 




3-172 



AFN-02172A 



APPENDIX A/AP-123 



SUPPORT SUBROUTINES 



C 



c 



CHAR-TO- MON 



3 



POINT AT DUAL-PORT 
PAGE 0 OR PAGE 1 



D8PLY— PO-PTR 



CALCULATE DISPLAY 

PAGE ADDRESS 
USING CHARACTER 
AND UNE COUNT 



SAVE ASCII CODE AND 
COLOR IN THE 
DISPLAY PAGE 




INCREMENT LINE 
COUNTER AND SET 
CHARACTER COUNT 

TO LEFT MARGIN 





SAVE CHARACTER IN 
KEY BUFFER AND 
INCREMENT KEY 
BUFFER POINTER 




DECREMENT BUFFER 

POINTER, SET 
KEYBOARD FULL FLAG, 

AND INSERT EOF 
CHARACTER IN BUFFER 



C 



KBU— RETURN 



J 
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SUPPORT SUBROUTINES 
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V. INHIBITED? ^ 






NO 




EEPROM ^\Y ES _ 


BUFFER FULLT^ 






NO 




SAVE ASCII 




CHARACTER IN 




EEPROM BUFFER 




AND INCREMENT 




EEPROM BUFFER 




POIN 


TER 




BUFFER 


NO _ 


^POINTER >255?/ 






r YES 




DECREMENT EEPROM 




BUFFER POINTER 




AND SET BUFFER 




FULL FLAG 










r EBU-RETURN 



c 
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8089 MACRO ASSEMBLER 



IS IS- 1 I 8089 MACRO ASSEMBLER X202 ASSEMBLY OF MODULE N89 
OBJECT MODULE PLACED IN : Fl : N89. OBJ 
ASSEMBLER INVOKED BY: : F2: ASM89 : Fl : N89. SRC 



1 



2 
3 




8089 


DUMB TERMINAL PROGRAM 




4 
5 




B. K. 


MELSON 








A 
o 




STARTED: 4/30/80 






7 
8 




LAST 


CHANGE: 


8/12/80 






9 




THIS 


PROGRAM 


INITIALIZES FOUR 8275 CRT CONTROLLERS AND A 


10 




8279 


KEYBOARD CONTROLLER. 


ASCII INFORMATION FLOW MAY FOLLOW 


1 1 




THESE PATHS: 








1 2 








KEYBOARD 


TO 


0086 COMMAND INTERPRETER 


13 








KEYBOARD 


TO 


8086 EEPROM ROUTINE 


14 








KEYBOARD 


TO 


MONITOR 


1 5 








8086 


TO 


MONITOR 


16 








EEPROM 


TO 


8086 COMMAND INTERPRETER 


1 7 








EEPROM 


TO 


8086 EEPROM ROUTINE 


18 
19 








EEPROM 


TO 


MONITOR 


20 




COMMAND CODES ARE: 






21 


; K 


E 










22 








CNTRL-A 




MONITOR INHIBIT 


23 








CNTRL-B 




MONITOR UNINHIBIT 


24 








CNTRL-C 




EEPROM INHIBIT 


2*5 

c v/ 








CNTRL-D 




EEPROM UNINHIBIT 


26 








CNTRL-E 




TURN ON EEPROM BUFFER 


c / 








CNTRL-F 




n t nni aw n AAr /*% fn~"i r~y-% t"it\ 

DISPLAY PAGE 0 SELECTED 


PR 

CO 








CNTRL-G 




DISPLAY PAGE 1 SELECTED 


no 

c / 


n 


X 




CNTRL-H 




BACKSPACE (CURSOR LEFT) 


on 


v 

A 


X 




CNTRL-I 




TAB (EVERY 8 CHARACTERS) 


1 


v 
A 


X 




CNTRL-J 




LINEFEED (CURSOR DOWN) 


on 
oe 


Y 

A 






CNTRL-K 




TURN EEPROM BUFFER OFF 




V 
A 


X 




CNTRL-L 




ERASE PAGE 


d*r 


Y 

A 


X 




CNTRL-M 




CARRIAGE RETURN 


35 


x 


X 




CNTRL-N 




TURN OFF BACKGROUND/FOREGROUND* 


36 


X 


X 




CNTRL-0 




TURN ON BACKGROUND/FOREGROUND* 


37 


X 


X 




CNTRL-P 




SET COLOR TO BLACK 


38 


X 


X 




CNTRL-Q 




SET COLOR TO RED 


39 


X 


X 




CNTRL-R 




GREEN 


40 


X 


X 




CNTRL-S 




YELLOW 


41 


X 


X 




CNTRL-T 




BLUE 


42 


X 


X 




CNTRL-U 




MAGENTA 


43 ; 


X 


X 




CNTRL-V 




CYAN 


44 i 


X 


X 




CNTRL—W 




WHITE 


45 , 


0 


X 




CNTRL-X 




ABORT LINE 


46 i 


X 


X 




CNTRL-Y 




MOVE CURSOR RIGHT 


47 , 


X 


X 




CNTRL-Z 




MOVE CURSOR DOWN AND LEFT 


48 , 


X 


X 




CNTRL— 




MOVE CURSOR UP 


49 j 


X 


X 




CNTRL-\ 




HOME CURSOR 


50 i 








CNTRL-DEL 




RECALL EEPROM BUFFER 



51 
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LINE SOURCE 

52 ; 

53 i THE TWO COLUMNS ASSOCIATED WITH EACH CONTROL KEY REPRESENT TH/ 

~E 

54 ; APPROPRIATE KEYBOARD AND EEPROM BUFFER ACTION CONNECTED WITH / 

-THAT 

55 ; KEY. 

56 ; ~ KEYSTROKE NOT STORED IN BUFFER 

57 } X KEYSTROKE STORED IN BUFFER 

58 ; 0 OPERATION PERFORMED ON BUFFER 

59 ; 

60 ; A CHARACTER IS STORED IN THE EEPROM BUFFER ONLY IF THE OPERAT/ 

-ION 



A i 


i WAS PERFORMED ON THE 


M 


Oc 


DUMBTERM 


SEGMENT 




AT 








64 


i 8275 REGISTERS 












AA 


CRTJREGS 


STRUC 




A7 


CRT_PARAM: 


DW 


1 


68 


CRT_COM_STAT: 


DW 


1 


69 


CRT_REOS 


ENDS 




70 








71 


; 8279 REGISTERS 




72 








73 


KYBDJREGS 


STRUC 




74 


KBDJDATA: 


DW 


1 


75 


KBD_COM_STAT: 


DW 


1 


76 


KYBDJREGS 


ENDS 




77 








78 


; 8086/808? COMMON FLAGS 


79 








80 


DP__RAM_FLAGS 


STRUC 




81 


TP LSW: 


DW * 


1 


82 


TPJ1SD: 


DW 


1 


83 


EEP INH: 


DB 


1 


84 


EEPJBUF^FULL: 


DB 


1 


85 


EEP_RECALL: 


DB 


1 


86 


COL_CH_INH: 


DB 


1 


87 


KBDJCNH: 


DB 


1 


88 


KBD BUF FULL: 


DB 


1 



89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 



C0M_8086: 
COLOR: 

STRJ 3 TRJ3086: 

BACK_CQL__SW: 

M0N_INH: 

DSPLY_PG_PTR: 

&CROLL.REG: 

NEW^CHAR^FL AG : 

NEW CHAR: 



MONJ-IOM : 
MONJEND: 
MONJLMARG: 
M0N_RMARG: 



DB 
DB 
DW 
DB 
DB 
DB 
DB 



DW 
DW 
DW 
DW 



1 
1 
1 
1 
1 
1 
1 

DB 
DB 



1 
1 
1 
1 



1 
1 
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LINE 


SOURCE 






1 AA 


KBDJ3UFJPTR: 


DW 


i 

X 


1 OT 


E2_M0N_INH: 


DB 




108 








1 no 

1 Ut 


DP_RAMJFLAGS 


ENDS 












11-1 
ill 


; DISPLAY CHARACTER 




1 in 
lie. 


i 






i n 
i i j 


CHAR.JDEF 


STRUC 




114 


COLOR^nuDc. 


r\r) 

ua 


1 


1 1 V? 


a /-n /"* T T AD ADLH 

ASC I I_GRAPH1 . 


Da 




11 A 
1 1 O 


GR APH_2AND3 . 


DB 




117 


GRAPH__4ANDt?. 


r\ rj 

DB 


I 


1 1 P 


CHAR^DEF 


tNUb 




1 1 Q 
117 








1 20 


; PRIVATE SOav 


FLAGS 




121 








122 


STAT_RAM_FLAGS 


STRUC 




1 PI 

1 C.J 


STACK: 


DW 


I 


1 OA 


STACK_MSD: 


DW 


1 

X 


125 




DW 


\ 


126 




DW 


I 


1 c / 


EEP_BUF_PTR : 


DW 




1 on 

1 CO 








1 39 
1 c V 


; 






1 


LINE_CNT: 


DW 




lb) Jb 


CHAR _C NT: 


DW 




1 ^p 

1 Jc 


i ' 






1 n 

1 Ju 


i 






1 


ASC 1 1 : 


DB 






ASCII_TEMP: 


DB 


I 




CURSDR_X1: 


DB 


1 

X 


1 wf / 


CURS0R_X2: 


DB 


1 


1 JO 


CURS0R_Y1: 


DB 


I 


1 O v 


CURS0R_Y2: 


DB 


1 


1 AO 
1 tu 


i 






141 


* 






1 A3 

1 tea. 


LINE.JTEMP: 


DW 


I 


1 A*3 


CHAR_TEMP: 


DW 




1 AA 


PAGE_INtfEX: 


DW 


I 


1 AS 
1 *r u7 


STAT RAM FLAGS 


ENDS 




1 to 








147 


; ADDRESS EQUATES 




1 API 
1 to 








1 AQ 

1 TV 


STAT RAM 


EQU 


OOOOOH 
uuuuwrl 


1 so 

1 v/W 


CRT1 


EQU 


OAOOOH 


1 S1 

1 v/ X 


CRT2 


EQU 


OAOOOH 


1 sc> 


CLKJEN 


EQU 


OOOOOH 


1 ST 


CRTJDATA 


EQU 


OAOOOH 


1 SA 


KYBD 


EQU 


orooow 


155 


i 






156 


i 






157 


DSPLYJ=>AGE0 


EQU 


0F8000H 


158 


DSPLY_PAGE1 


EQU 


0FC000H 


159 


C0MJ3UF 


EQU 


0FBD00H 


160 


EEPJBUF 


EQU 


0FBE00H 


161 


KEYJ3UF 


EQU 


0FBF00H 


162 


DP J=>B 


EQU 


0FFF00H 
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LINE 


SOURCE 




163 






164 


i DATA /COMMAND EQUATES 


165 






166 


EOF 


EQU OFFH 


1 67 


CRT_RS7 


EQU OOOH 


168 


CRT_PARAM1 


EQU 04F4FH 


X O T 


CRTJ=>ARAM2 


EQU 06F6FH 


J, / v/ 


CRTJ=»ARAM3 


EQU 04444H 


171 


CRT_PARAM4 


EQU 00606H 


172 


CRT CURSOR 


EQU 08080H 


1 73 


CRT CNTR 


EQU OEOEOH 




STARTED ISP 


EQU 02020H 




END JD ISP PG 


EQU 15360 


1 7 A 


KBD_STR SET 


EQU 006H 


17 y 


KBDJ=»RG CLK 


EQU 034H 


1 78 


KBD_FIF0 RD 


EQU 050H 


1 79 


; ################################## 


180 


; ■*#•«• # 


I N I T I AL I Z AT I ON 


181 




182 






183 


; TURN ON THE 


CRT CHARACTER CLOCK AND RESET THE 


184 


; CRT CONTROLLERS 


185 


i 




186 


START: 




187 


MOV I , 


GB, CLK JEN 


188 


MOV I 


CGB3, 001H 


18? 


MOV I 


GB, CRT1 


190 


MOV I 


GC, CRT2 


191 


MOV I 


CGC 3 . CRT_COM_STAT, CRT _RST 


192 


MOV I 


CGB3. CRT j:OM_STAT, CRT.RST 


1 

A ~ vJ 






194 


SUPPLY THE 


FOUR PARAMETER BYTES THAT SPECIFY 


195 


; 80X48 CHARACTERS, TRANSPARENT ATTRIBUTES, AND 


196 


i A BLINKING 


UNDERLINE CURSOR 


197 






1 QR 

X 7Q 


MOV I 


CGB 3 , CRT^PARAMl 




MOV I 


CGB 3, CRT_PARAM2 




MOV I 


CGB 3, CRT _PARAM3 


201 


MOV I 


CGB 3, CRTJPARAM4 


202 


MOV I 


CGC 3, CRT_PARAM1 


203 


MOV I 


CGC 3, CRT_PARAM2 


204 


MOV I 


CGC 3, CRT_PARAM3 


205 


MOV I 


CGC 3, CRTJ>ARAM4 


206 






207 


; SET CURSOR 


TO UPPER LEFT CORNER OF MONITOR 


208 






209 


MOV I 


CGC3. CRT_COM_STAT, CRT_CURSOR 


210 


MOV I 


CGC3,0G0H 


21 1 


MOV I 


CGC 3, OOOH 


212 


MOV I 


CGB 3. CRT COM STAT, CRT CURSOR 


213 


MOV I 


CGB 3, OOOH 


214 


MOV I 


CGB 3, OOOH 


215 






216 


; SYNCHRONIZE 


8275 CLUSTER BY RESETTING COUNTERS 


217 






218 


MOV I 


CGC3 . CRT COM^STAT, CRT J2NTR 


219 


MOV I 


CGB 3. CRT_COM STAT, CRT_CNTR 
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LINE SOURCE 



220 


MOV I 


GC, STATER AM 


221 


MOVBI 


CGC 3. CURSOR XI, OOOH 


222 


MOVBI 


CGC 3. CURS0R_X2, OOOH 


223 


MOVBI 


CGC 3. CURSOR.JrM, OOOH 


224 


MOVBI 


CGC ]. CURSORJ/2, OOOH 


225 






226 


; INITIALIZE 


3279 KEYBOARD CONTROLLER 


227 






228 


MOV I 


GB, KYBD 


229 


MOV I 


CGB 3 . KBD_COM_STAT, KBD_STR J3ET 


230 


MOV I 


CGB 3 . KBD_COM_STAT, KBD_PRG_CLK 


231 


MOV I 


CGB 3. KBD_COM_STAT, KBD_FIFO_RD 


232 






233 


; INITIALIZE 


8089 FLAGS 


234 






235 


MOV I 


GC, STAT JR AM 


236 


LPDI 


GA, DP_PB 


237 


MOV I 


CGC 3. LINE__CNT, OOOH 


238 


MOV I 


CGC 3. CHAR_CNT, OOOH 


239 


i 




240 






241 


MOVBI 


CGA3 . EEP_INH, OFFH 


242 


MOVBI 


CGA3 . EEP_BUF_FULLi OOH 


243 


MOVBI 


CGA3. EEP_RECALL* OOH 


244 


MOVBI 


CGA3 . KBD_INH# OOH 


245 


MOVBI 


CGA3 . KBDJUF^FULL, OOH 


246 


MOVBI 


CGA3 . C0M_8086, OOH 


247 


MOVBI 


CGA3 . COLOR, 038H 


248 


MOVBI 


£GA3 . BACK COL SW> OOH 


249 


MOVBI 


CGA3. COL_CH_INH, OOH 


250 


MOVBI 


CGA3 . SCROLL JREQ, OOH 


251 


MOVBI 


CGA3 . DSPLYJ=>GJPTR, OOH 


252 


MOVBI 


CGA3 . MON_INH, OOH 


253 


MOVBI 


CGA3 . E2_M0N_INH, 0 


254 


MOV I 


CGA3. MON_HOM, OOH 


255 


MOV I 


CGA3. MON_ENDi 048 


256 


MOV I 


CGA3 . MON_RMARG* 080 


257 


MOV I 


CGA3 . MON_LMARG» OOH 


258 






259 


INITIALIZE 


8089 POINTER 


260 






261 


MOV I 


CGC 3. EEPJBUFJ=>TR, OOH 


262 


MOV I 


CGA3 . STR__PTR_S086, OOH 


263 


MOV I 


CGA3. KBDJ3UFJ=»TR, OOOH 


264 




265 




EXECUTIVE 


266 




267 






268 


DMA SET-UP 




269 






270 


LOAD CHANNEL CONTROL REGISTER TO SPECIFY: 


271 




MEMORY TO PORT 


272 




SYNCHRO ON DEST 


273 




GA POINTS TO SOURCE 


274 




TERMINATE ON EXT 


275 




TERMINATION OFFSET«0 


276 
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LINE SOURCE 

277 MOVI GCCLKJEN 

278 MOVI CGC3,OOH i INHIBIT CHAR CLOCK 

279 ;ON 8275 TO SYNCHRONIZE 

280 MOVI GCCRT1 

281 MOVI CGC3 CRT COM STAT, START ..D ISP 

282 MOV I GC, CRT2 

283 MOVJ CGC3. CRT_COM_STAT, START.. D ISP 

284 DMA_LP: 

285 MOVI CC05120H 

286 i 

287 ; SETUP DESTINATION AND THEN 

288 i SOURCE ACCORDING TO DISPLAY PAGE 

289 i POINTER 

290 ; 

291 MOVI GB, CRTJDATA 

292 LPDI GA, DSPLY_PAGEO 

293 LPDI GC, DP_PB 

294 JZB CGC3. DSPLY_PG„. PTR, SOURCE_OK 

295 LPDI GA, DSpLY_PAGEl 

296 SOURCE JDK: 

297 JNZB CGC3. MON^INH, DMAJBYPASS > IF THE MONITOR IS INHIB/ 
-I TED 

298 i BYPASS THE DMA 

299 JNZB CGC3. E2J10N_INH, DMA_BYPASS_1 

300 MOVI GC, CLK JEN 

301 ; 

302 ; START CRT CHARACTER CLOCK AND BEGIN DMA 

303 i 

304 XFER 

305 MOVI CGC3,01H 

306 SINTR 

307 i 

308 ; SIGNAL THE 8086 THAT END OF FRAME HAS OCCURED AND THE UPDATIN/ 

~G OF THE 

309 ; INTERRUPT DRIVEN SECONDS COUNTER MAY BEGIN 

310 i 

311 i 

312 ; READ CRT STATUS REGISTERS IN ORDER TO RESET IRQ 

313 } 

314 MOVI GCCRT1 

315 MOV GA, CGC3. CRT_COM_STAT 

316 MOVI GCCRT2 

317 " MOV GB, CGC3. CRT^COM. STAT 

318 JMP DMAJBYPASS 

319 DMAJ3YPASS_1: 

320 MOVI GC, 120 

321 E2_WAITJL00P: 

322 MOVI GB, 300 

323 E2_INNER_L0QP: 

324 DEC GB 

325 JNZ GB, E2^INNER_L00P 

326 DEC GC 

327 JNZ GC, E2J4AITJL00P 

328 DMAJBYPASS: 

329 i 

330 i CHECK FOR STRING FROM 8086 

331 ; IT HAS PRIORITY OVER KEYBOARD 
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LINE SOURCE 

332 ; 

333 LPDI GC,DP_PB 

334 JNZB CGC3. C0M._8086, STRIN&_86 

335 i 

336 ; CHECK 8279 KYBD STATUS 

337 i 

338 MOV I GB, KYBD 

339 MOVB GA, CGB3. KBD_COM_STAT 

340 AND I GA, OFH 

341 LJN2 GA, READJ4YBD i KEY DOWN 

342 ; 

343 ; UPDATE THE CURSOR POSITION 

344 ; 

345 CURSORJJPDATE: 

346 LPDI GCDPJPB 

347 i 

348 ; CHECK FOR 86 COMMAND CHARACTER MODE AND PROCESS 

349 i THE NEXT BYTE 

350 JZB CGC3. C0M._8086, COM_STR„ BYPASS 

351 INC CGC3. STR_PTR_J3086 

352 JMP GET_COM 

353 COM_STRJBYPASS: 

354 MOVI GB, CRT1 

355 MOVI GC> STATJRAM 

356 MOVI CGB3. CRT COM^STAT, CRT CURSOR 

357 MOVB GA, CGC3. CHAR_CNT i SET UP FOR X POSITION 

358 MOVB CGC3. CURS0R_X1, GA ; CURSOR OUTPUT 

359 MOVB CGC3. CURS0R_X2, GA ; BY DOUBLING UP 

360 MOVB GA, CGC3. LINE_CNT 

361 MOVB CGC3. CURS0R_Y1, GA ; SAME FOR Y POSITION 

362 MOVB CGC3. CURS0R_Y2, GA 

363 MOV CGB3, £GC3. CURSOR__X 1 

364 MOV CGB3, CGC3. CURS0R_Y1 

365 MOVI GB, CRT2 ; DO IT FOR ALL 

366 MOVI CGB3. CRT_COM_STAT, CRT_CURSOR 

367 MOV CGB3, CGC3. CURS0R_X1 ; CONTROLLERS 

368 MOV CGB3, EGC3. CURS0R_Y1 

369 INTR_86: 

370 JMP DMA_LP 

371 STRING_86: 

372 MOVI CGC3. STR J=>TR_8086V OOH 

373 GET_.COM: 

374 MOV IXi CGC3. STR_PTR. 8086 

375 LPDI GB,COMJBUF 

376 ; 

377 i GET NEXT COMMAND CHARACTER FROM THE 8086 

378 i AND SAVE IT AS A KEYSTROKE 

379 i 

380 MOVB GA, CGB+IX3 

381 LPDI GC, COMJBUF s ; ***TEST CODE**** 

382 MOVB GA, £GB + 1X3 ; *** 

383 LPDI GC,DPJ=>B > *** 

384 MOVI GB, STATJRAM 

385 MOVB CGB 3. ASCII, GA 

386 i 

387 ; CHECK FOR END OF COMMAND STRING 

388 ; v 
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LINE SOURCE 

389 MO VI MC, OFFFFH 

390 JMCNE C0B3. ASCII.. COM_CNT 

391 ; 

392 i END OF COMMAND STRING-RESET COMMAND FLAG 

393 i 

394 MOVBI CGC 3 . C0M_S086, OOH 

395 ' JMP CURSQRJJPDATE 

396 READJ4YBD: 

397 ; 

398 ; TEMPORARY GET CHAR ROUTINE 

399 i 

400 JNZB CGC 3 . KBD_INH, CURSOR. UPDATE 

401 JNZB CGC 3 . KBD.JBUF J^ULL, CURSORJJPDATE 

402 ; 

403 i IF THE KEYBOARD IS INHIBITED OR THE BUFFER FULL, 

404 i DONT READ THE 8279 

405 i 

406 MOVB GA, CGB3. KBD_DATA % 

407 NOT GA 

408 AND I GA, 007FH 

409 MOVB CGC 3. NEW_CHAR, GA 

410 MOVBI CGC 3. NEW_CHAR_FLAG, 1 

411 MOVI GB, STAT_RAM 

412 MOVB CGB3. ASCII, GA ,* SAVE KEYSTROKE 

413 COM_CNT: 

414 LPDI GB;DP_PB 

415 MOVI OC* STAT RAM 



416 i 

417 ; CHECK FOR FIRST CHARACTER AFTER CNTRL~DEL, THIS CHARACTER WILL 

418 i BE PLACED IN EEPJRECALL AND USED FOR SELECTING WHICH EEP BUFF/ 

HER 

419 i IS TO BE RECALLED 

420 i 



421 MOVB GA, CGB3. EEP_RECALL * IF MSB OF EEPJSECALL IS/ 
- SET 

422 AND I GA, 007FH ; USE PRESENT ASCII CHAR A/ 
-CTER 

423 JZ GA, NO_RECALL ; AS INDEX FOR EEPROM REC/ 
-ALL 

424 MOVB GA, CGC3. ASCII 

425 MOVB CGB 3 . EEP _R EC ALL, GA 

426 JMP CURSORJJPDATE 

427 NO_RECALL: 

428 * 

429 i CHECK FOR FIRST CHARACTER AFTER CNTRL.JE 

430 i THIS CHARACTER WILL BE PLACED IN THE 

431 ; EEPROM BUFFER AND NOT PROCESSED 

432 i 

433 ' JNZB CGB 3. EEP_INH, EEPJ3YPASS 

434 JNZ CGC 3. EEPJBUF_PTR, EEP_J3YPASS 

435 i 

436 ; INSERT ASCII CHARACTER 

437 i 

438 MOV IX, CGC3. EEP J3UF_PTR 

439 MOVB GA, CGC3. ASCII 

440 LPDI GB, EEPJBUF 

441 MOVB CGB+IX3,GA 
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LINE SOURCE 



442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 



INC 
JMP 

EEP BYPASS: 



C0C3. EEP JBUF_PTR 
CURSOR UPDATE 



CHECK FOR NON CONTROL CHARACTER 

MOV I MC06000H 

LJMCNE CGC3. ASCI I , CHAR.J3UT 

#*####♦#■*•«•#**•»••* CONTROL KEY DECODE 

LOOK FOR 8086 COMMAND STRING SO CERTAIN 
COMMANDS WILL NOT BE AVAILABLE FROM 
KEYBOARD 



JZB 



CGB1.COM 8086, NOT CNtRLG 



CHECK FOR MONITOR INHIBIT 
( CNTRL-A ) 



MOV I 
JMCNE 
MOVBI 
JMP 

NOT CNTRLA: 



MC> 07F01H 

C GC 1 . ASC 1 1 , NOT_ CNTRLA 
CGB3. MON_INH, OFFH 
CURSOR UPDATE 



CHECK FOR MONITOR UN INHIBIT 
< CNTRL-B ) 



MC07F02H 

CGC3. ASCII, NOT CNTRLB 
CGB3. MON_INH, OOH 
CURSOR UPDATE 



MOV I 
JMCNE 
MOVBI 
JMP 

NOT_CNTRLB: 
NQT_CNTRLC: 
NOT CNTRLD: 



CHECK FOR SET DISPLAY PAGE 0 
< CNTRL-F) 



MOV I 
JMCNE 
MOVBI 
JMP 

NOT CNTRLF: 



MC07F06H 

C GC 3 . ASC 1 1 * NOT CNTRLF 
CGB3. DSPLY_PG_PTR, OOH 
CURSOR UPDATE 



CHECK FOR SET DISPLAY PAGE 1 
(CNTRL-G) 



MOV I 
JMCNE 
MOVBI 
JMP 

NOT CNTRLG: 



MC, 07F07H 

CGC3. ASCI I* NOT CNTRLG 
CGB3. DSPLY_PG_PTR, OFFH 
CURSOR UPDATE 
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line source: 



499 i THE FOLLOWING CONTROL, COMMANDS ARE 

500 i AVAILABLE THROUGH THE 8089 KEYBOARD 

501 i 

502 i 

503 i LOOK FOR CARRIAGE RETURN 

504 i J 

505 MOV I MC, 07F0DH 

506 LJMCE C GC 3. ASCII, CHAR CR 

507 ; 

508 ; LOOK FOR BACKSPACE 

509 ; 

510 MOV I MC, 07F08H 

511 LJMCE I GC 3. ASCI I, BACK SPACE 

512 ; 

513 ; LOOK FOR COLOR CONTROL KEYS 

514 i CNTRL-P THRU CNTRL-W 

515 ; 

516 MOVI MC, 07810H 

517 LJMCE EGC 3. ASCII, COLOR KEY 

518 ; 

519 ; CHECK FOR SET BACKGROUND COLOR FLAG 

520 ; (CNTRL-N) 

521 ; 

522 MOVI MC07F0EH 

523 LJMCE CGC3. ASCII, CNTRLJM 

524 ; 

525 ; CHECK FOR SET FOREGROUND COLOR 

526 i ( CNTRL-0 ) 

527 MOVI MC, 07F0FH 

528 LJMCE CGC3. ASCII, CNTRLJ3 

529 ; 

530 i 

531 i 

532 > CHECK FOR EEPROM BUFFER RECALL 

533 > < CNTRL-DEL ) 

534 MOVI MC, 07F1FH 

535 LJMCE CGC3. ASC 1 1 , EEPJDUMP 

536 i 

537 i LOOK FOR TAB 

538 i (CNTRL-I ) 

539 i 

540 MOVI MC, 07F09H 

54 1 LJMCE C GC 3 . ASC 1 1 , CURSOR.. JAB 

542 i 

543 i LOOK FOR ERASE PAGE 

544 i (CNTRL-L) 

545 J 

546 MOVI MC, 07F0CH 

547 LJMCE CGC3. ASC 1 1 , ER ASE_P AGE 

548 i 

549 i LOOK FOR CANCEL LINE 

550 i (CNTRL-X ) 

551 i 

552 MOVI MC, 07F18H 

553 LJMCE CGC3. ASCII, CNTRLJC 



554 i 

555 > LOOK FOR HOME THE CURSOR 
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LINE 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 



SOURCE 



< CNTRL \> 

MOV I MC07F1CH 

LJMCE CGC 3. ASCII, CURSOR JHOME 

LOOK FOR UP CURSOR 

(CNTRL •'-) 

MOV I MC07F1EH 

LJMCE CGC 3. ASCII, UP_CURSOR 

LOOK FOR DOWN CURSOR 

(CNTRL J) 



MOV I 
LJMCE 



MC, 07F0AH 

CGC 1. ASCII, OWN CURSOR 



LOOK FOR RIGHT CURSOR 
( CNTRL-- Y ) 



MOV I 
LJMCE 



MC* 07F19H 

CGC 1. ASCII, RIGHT CURSOR 



LOOK FOR DOWN AND LEFT CURSOR 
(CNTRL-Z) 



MOV I 
LJMCE 



MC, 07F1AH 

CGC 3. ASCII, BACK DOWN 



i ALL OTHER KEY INPUTS ARE IGNORED 
; 

JMP CURSORJJPDATE 
i ******«**************************^ 
CONTROL SEGMENTS 



SET THE COLOR BACKGROUND/FOREGROUND* FLAG TO 
BACKGROUND (O) 



CNTRL N: 



MdVI 
LPDI 



GB, STAT_RAM 

GC, DP PB 



CHECK FOR MONITOR OR COLOR CHANGE INHIBITED 



KEEP BF: 



JNZB CGC 3. COL_CH_INH, KEEP JBF 
MOVBI CGC 1. BACK_CQL„J3W, OOH 

LJMP KEY EEP EXIT 



SET THE COLOR BACKGROUND/FOREGROUND* FLAG 
TO FOREGROUND 



CNTRL 0: 



MOV I 
LPDI 



GS, STAT_RAM 
GC, DP PB 
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LINE 


SOURCE 






613 


i CHECK . FOR MONITOR OR COLOR CHANGE INHIBITED 


614 


i 






615 


JNZB 


CGC3. COL_CH_I NH, KEEPJSF2 




616 


MOVBI 


CGC3. BACK . COL, SW, OFFH 




617 KEEPJ3F2: 




618 


LJMP 


KEY JEEP __EX I T 




619 








620 


; TURN ON THE 


EEPROM BUFFER 




621 


(CNTRL 






622 








623 


i THIS ROUTINE INITIALIZES THE EEPROM BUFFER 


624 


; POINTER 






625 








626 CNTRL E: 






627 


MOV I 


GB,STAT_RAM 




628 


LPDI 


GC, DPJPB 




629 


LJNZB 


CGC3. EEP.JBUF_FULL, CURSOR. 


.UPDATE 


630 


MOVBI 


CGC3. EEPJBUF^FULL, OOH ; 




631 


MOV I 


CGB 3 . EEP BUF PTR, OOH 




632 


MOVBI 


CGC3. EEP I NH, OOH 




633 


JMP 


CURSORJJPDATE 




634 








635 


TURN THE EEPRbM BUFFER OFF 




636 








637 CNTRLJ4: 






638 


MOV I 


GB, STAT RAM 




639 


LPDI 


GC, DP_PB 




640 


LCALL 


CGB3, KEYJBUF. UPDATE 




641 


MOVBI 


CGC3. EEPJ3UF~FULL, OFFH 




642 


MOVBI 


CGC3. EEP_INH, OFFH 




643 


MOV 


IX, CGB3. EEP JBUF^PTR 




644 


LPDI 


GA, EEPJBUF 




645 








646 


INSERT END OF FILE MARKER 




647 








648 


MOVBI 


CGA+IX3, OFFH 




649 


INC 


CGB3. EEP_BUF_PTR 




650 


JMP 


CURSOR_UPDATE 




651 i 








652 , 


DUMP EEPROM 


BUFFER 0-9 




653 i 








654 EEPJDUMP: 






655 


MOV I 


GB, STAT_RAM 




656 


LPDI 


GC, DP PB 




657 


LPDI 


GC, DP_PB 




658 


MOVBI 


CGC3 . EEP_RECALL, OFFH ; 


SET FLAG 



659 

660 
661 
662 
663 
664 
665 
666 
667 



~~UT IT 
- NEXT 
ED XIT: 



WILL BE REPLACED BY THE/ 



; ASCI I CHARACTER 



CHAR OUT: 



JMP 

r.- 

MOV I 
LCALL 



INTR_86 

GB, STAT_RAM 
CGB3, CHAR TO MON 



PASS KEYSTROKES TO 8086 
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LINE SOURCE 

668 ; 

669 KEY__.EEP_.EX IT; 

670 MOV I GB,STATJRAM 

671 LCALL CGB 3, KEY JBUF_UPDATE 

672 EEP_UP_EXIT 

673 MOVI GB, STATJRAM 

674 LCALL LOB It EEP J3UF_UPDATE 

675 JMP CURSOR_UPDATE 

676 CHAR_CR: 

677 MOV I GB, STAT_RAM 

678 LCALL CGB 3 , CRJJPDATE 

679 i 

680 ; SET KEYBOARD AND EEPROM BUFFER FULL 

681 ; FLAGS IF NOT INHIBITED 

682 i 

683 MOVI GB,STAT_RAM 

684 LPDI GC,DP_PB 

685 JNZB CGC3. C0M__8086* CURSOR__UPDATE i IF IN 8086 COMM/ 
-AND 

686 i MODE, DONT ALTER 

687 i KEYBOARD STATUS 

688 MOVI GB, STATJRAM 

689 LCALL CGB 3 , KEY J3 UFJJP DATE 

690 MOVB I CGC 3 . KBD JBUF J^ULL, OFFH > ****** 

691 EEP_CHK: 

692 JMP EEPJJPJSXIT 

693 i 

694 ; ALTER BACKGROUND OR FOREGROUND COLOR ACCORDING 

695 i TO THE 3 LEAST SIGNIFICANT BITS OF THE INPUT 

696 i KEY AND THE STATUS OF THE BACKGROUND/FOREGROUND* 

697 i FLAG. 

698 i 

699 C0L0RJ4EY: 

700 MOVI GB * STATJRAM 

701 LPDI GC, DP_PB 

702 LCALL CGB 3, EEPJ3 UFJJP DATE 

703 LCALL C GB 3 , KEY J3UF JJPDATE 

704 LJNZB CGC 3 . C OL_C H„_ I NH, CURSOR JJPDATE 

705 MOVB GA, CGC 3 . BACK_COL_SW 

706 i 

707 ; CHECK B/F* FLAG 

708 ; 

709 JNZ GA, BACKGROUND 

710 MOVB GA, CGB 3. ASCI I • 

711 AND I GA, 07H 

712 MOV CGB 3. ASCII, GA 

713 MOVB GA, CGC3. COLOR 

714 AND I GA, 038H 

715 i 

716 ; OR INPUT COLOR INTO FOREGROUND SECTION OF COLOR BYTE 

717 i 

718 ORB GA, CGB3. ASCII 

719 MOVB CGC 3 . COLOR, GA 

720 JMP CURSORJJPDATE 

721 BACKGROUND: 

722 MOVB GA, CGB 3. ASCII 

723 ADD GA, CGB3. ASCII 
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LINE SOURCE 

724 ADD GA, CGB 3. ASCII 

725 ADD GA, CGBIL ASCII 

726 MOVB C GB 1 . ASC 1 1 _TEMP , Q A 

727 ADD OA, CGB3. ASCII TEMP 

728 i 

729 i SHIFT INPUT COLOR OVER AND OR IT INTO THE BACKGROUND 

730 ; SECTION OF THE COLOR BYTE 

731 i 

732 AND I GA, 038H 

733 MOV COB 1. ASCII, GA 

734 MOVB GA, CGC3. COLOR 

735 AND I GA, 047H 

736 ORB GA, CGB 3. ASCII 

737 MOVB CGC3. COLOR, GA 

738 JMP CURSORJJPDATE 

739 ; 

740 ) TAB ROUTINE 

741 ; 

742 i THIS ROUTINE MOVES THE CURSOR TO THE NEXT 

743 ; COLUMN WHOSE NUMBER IS A MULTIPLE OF 8. 

744 i 

745 CURSOR_TAB: 

746 MOV I GB, STATJRAM 

747 LCALL CGB 3 , EEP J3UF JJPDATE 

748 LCALL CGB 3, KEY_BUF JJPDATE 

749 LPDI GC, DP PB 

750 ; 

751 i CHECK FOR CHARACTER COUNT BEING A 

752 i MULTIPLE OF EIGHT <3 LSB =0) 

753 ; 

754 TAB CNT: 

755 ; 

756 ; PLACE BLANK ON THE SCREEN 

757 i 

758 MOVB I CGB 3. ASCII, 020H 

759 LCALL CGB 3 , CHARJT0J10N 

760 MOV GA, CGB 3. CHAR_CNT 

761 AND I , GA, 07H 

762 LJZ GA, CURSORJJPDATE 

763 JZB CGC 3 . SCROLL _REQ, TAB . CNT 

764 JMP CURSORJJPDATE 

765 i I 

766 i ERASE PAGE ROUTINE 

767 i 

768 i THIS ROUTINE ERASES THE PAGE FROM THE CURRENT 

769 ; CURSOR POSITION. IT ENDS WITH THE CURSOR AT 

770 ; THE HOME POSITION. 

771 i 

772 i 

773 ; UP CURSOR ROUTINE 

774 i 

775 UP_CURSOR: 

776 MOVI GB, STATJRAM 

777 LPDI GC, DPJPB 

778 MOV IX, CGC 3. MON_HOM 

779 NOT IX i CHECK FOR UPPER BOUNDARY 

780 AND IX, CGB 3. LINE CNT 
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LINE 
781 
782 
783 
784 
785 
786 
787 
788 
789 
790 
791 
792 
793 

794 
795 
796 
797 
798 
799 
800 
801 
802 
803 

804 
805 
806 
807 
808 
809 
810 
811 
812 
813 
814 
815 
816 

817 
818 

819 
820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 
831 
832 
833 



SOURCE 



LJZ IX, CURSOR JJP DATE 

DEC CGB3. LINE..CNT 

JMP KEY_EEP.JEXIT 

LINE FEED (DOWN CURSOR) 



DWN_CURSOR: 
MOV I 
LPDI 
MOV 
INC 
NOT 
AND 

-OVE 

LJZ . 

INC 

JMP 



GB, STAT RAM 

GC, DP_PB 

IX, CGB3. LINE CNT 

IX 

IX 

IX, CGC3. MON_END 

IX, CURSOR. JJPDATE 
COB!. LINE_CNT 
KEY EEP EXIT 



MOVE CURSOR RIGHT 



RIOHT_CURSOR: 
MOV I 
LPDI 
MOV 

~ER 

INC 
NOT 
AND 
LJZ 
INC 
JMP 
BACKJDQWN: 

MOV I 

LPDI 

MOV 

INC 

NOT 

AND 

-OVE 

LJZ 
MOV 
-RGIN 

NOT 
AND 
LJZ 
INC 
DEC 
JMP 



GB, STAT_RAM 

GC, DP_PB 

IX, CGB3. CHAR_CNT 

IX 
IX 

IX, CGC3. MON_RMARG 
IX* CURSOR_UPDATE 
CGB3. CHAR_CNT 
KEYJEEPJEXIT 

GB, STATJRAM 

GC, DP_PB 

IX, CGB3. LINE_CNT 

IX 

IX 

IX, CGC3. MONJEND 

IX, CURSOR_UPDATE 
IX, CGC3. MONJ-MARG 

IX 

IX, CGB3. CHAR_CNT 
IX, CURSORJJPDATE 
CGB3. LINE_CNT 
CGB3. CHAR__CNT 
KEY EEP EXIT 



COMPARE PRESENT LINE 
COUNT + 1 TO BOTTOM 
MARGIN 

IF EQUAL ABORT CURSOR M/ 



MOVE OK 



i COMPARE PRESENT CHARACT/ 

; COUNT + 1 TO RIGHT 
i MARGIN 

i IF EQUAL ABORT 
i CURSOR MOVE 
i MOV OK 



COMPARE PRESENT LINE 
COUNT + 1 TO BOTTOM 
MARGIN 

IF EQUAL ABORT CURSOR M/ 



i IF CURSOR IS AT LEFT MA/ 
; ABORT CURSOR MOVE 



CANCEL THE PRESENT LINE 
CNTRLJC: 

MOV I GB, STAT JR AM 

LPDI GC, DP_PB 

MOV CGB3. CHARJDNT, CGC 3. MON .LMARG 

i ' 

; RESET THE KEYBOARP BUFFER POINTED 
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LINE SOURCE 

834 , 

835 MOVBI CGC 3 . RBD. JBUF_FULL, OOH 

836 MOVI CGC3. KBDJBUF^PTR, OOH 

837 JMP KEY. EEP _EXIT~ 

838 ERASEJPAGE: 

839 MOV I QB> STATER AM 

840 LCALL COB 3 , EEP.JBUF..JJPDATE 

841 LCALL CGB3, KEYJBUF_ UPDATE . 

842 LPDI GC,DP_PB 

843 J 

844 ; STORE BLANKS ON THE SCREEN 

845 i 

846 MOVBI ■ CGB3. ASCII, 020H 

847 ERASE_CNT: 

848 LCALL CGB 3 , CHARJT0J10N 

849 JZB CGC3. SCROLL J*EQ, ERASE _CNT 

850 JMP CHJMTR 

851 i 

852 ; HOME THE CURSOR 

853 ; 

854 CURSORJHOME: 

855 MOVI GB,STATJRAM 

856 LCALL C GB 3 , EEP J3UFJJPDATE 

857 LCALL CGB 3 , KEY J3UF.JJPDATE 

858 CHJMTR: 

859 LPDI GC,DP__PB 

860 MOVBI CGC3. KBDJMH, OOH 

861 MOVBI CGC 3. SCROLL_REQ, OOH 

862 MOV C GB 3 . CHAR _CNT, C GC 3 . MON„ LMARG 

863 MOV ^ CGB 3 . LINE__CNT, CGC3. MON ...HOM 

864 JMP CURSORJJPDATE 

865 i 

866 i PERFORM BACK-SPACE BY DECREMENTING THE DISPLAY 

867 ; PAGE POINTER, KEYBOARD POINTER, EEPROM POINTER, 

868 ; AND CURSOR POSITION 

869 ; 

870 BACK-SPACE: 

871 MOVI GB,STAT_RAM 

872 LPDI GC,DPJ=>B 

873 MOV IX, CGC3. M0N_JJ1ARG ; IF CURSOR IS AT LEFT 

874 NOT IX ; MARGIN ABORT BACKSPACE 

875 AND IX, CGB 3. CHAR_CNT 

876 LJZ IX, CURSORJJPDATE 

877 DEC CGB 3. CHAR_CNT 

878 i 

879 > DO BACKSPACE IF MONITOR NOT INHIBITED AND CURSOR IS 

880 i NOT AT THE BEGINNING OF A LINE 

881 i 

882 KYBDJJPDATE: 

883 LJNZB CGC3. KBD_BUF_FULL, EEP_EXIT 

884 ; 

885 i IF KEY BUFFER POINTER IS ZERO, DONT BACKSPACE IT 
, 886 ; 

887 JZ CGC 3. KBDJBUFJ=>TR, EEPJEXJT 

888 DEC CGC3. KBD BUFJ=»TR 

889 EEP_EXIT: 

890 MOVI GB, STAT RAM 
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LINE SOURCE 

891 JMP EEP_UP__EXIT 

892 i 

893 i SUBROUTINES 

894 ; 

895 CHAR_TO_MON. 

896 i 

897 ; SET UP DISPLAY PAGE POINTER AND INDEX 

898 ; 



899 


LPDI 


GB, DSPLYJPAGEO 




900 


LPDI 


GC, DP PB 




901 


JZ 


CGC 3 . DSPLYJ=>G„_PTR, PTRJ3K 




902 


LPDI 


GBi DSPLYJ=»AGE1 




903 








904 


COMPUTE 80XLINE_CNT 




905 








906 PTRJ3K: 






907 


MOV I 


GC> STAT_RAM 




908 


MOV 


GA, CGC 3 . LINE_CNT 




909 


ADD 


GA, CGC 3 . LINE_CNT 




910 


ADD 


GA, CGC 3 . LINE_CNT 




911 


ADD 


GA, CGC 3 . LINE_CNT 




912 


ADD 


GA, CGC 3. LINE^CNT 




913 


MOV 


CGC 3. L I NE_TEMP * GA 




914 


ADD 


GA, CGC 3. LfNE_TEMP ; 2 X 


5 


915 


MOV 


CGC 3. L I NE_TEMP , GA 




916 


ADD 


GAi CGC 3. LINE_TEMP ; 4 X 


5 


917 


MOV 


CGC 3. LINE_TEMP, GA 




918 


ADD 


£A, CGC 3. LINEJTEMP i 8 X 


5 


919 


MOV 


CGC 3. LINEJTEMP, GA 




920 


ADD 


GA, CGC 3. LINEJTEMP ; 16 X 


5 


921 








922 


MEMORY POINTER = DISPLAY PAGE POINTER + 




923 




4X(80XLINE_CNT + CHAR _C NT ) 




924 








925 


ADD 


GA, CGC 3. CHAR_CNT 




926 


MOV 


CGC 3. LINEJTEMP, GA 




927 


ADD 


GA, CGC 3. LINEJTEMP 




928 


ADD 


GA, CGC 3 . LINEJTEMP 




929 


ADD 


GA, CGC 3. LINEJTEMP 




930 


MOV 


CGC 3. PAGE_INDEX, GA 




931 


ADD 


GB, CGC 3. PAGE_INDEX 




932 








933 


SAVE ASCII 


CODE IN DISPLAY PAGE 




934 








935 


MOVB 


CGB 3 . ASCIIJ3RAPH1, CGC 3. ASCII 




936 








937 


SAVE BACKGROUND AND FOREGROUND COLOR IN 




938 


DISPLAY PAGE 




939 








940 


LPDI 


GC,DPJ=»B 




941 


MOVB 


CGB 3. C0L0RJ10DE, CGC 3. COLOR 




942 








943 


CLEAR OTHER 


2 DISPLAY PAGE BYTES 




944 








945 


MOVB I 


CGB 3. GRAPH_2AND3, OOH 




946 


MOVB I 


CGB 3. GRAPH_4AND5> OOH 




947 




( x 
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LINE SOURCE 

948 i INCREMENT X CURSOR POSITION AND CHARACTER POINTER. 

949 i CHECK FOR RIGHT MARGIN OVERRUN 

950 ; 

951 MOVI GB, STAT_RAM 

952 INC CGB3. CHAR^CNT 

953 MOV CGB 3. CHAR_TEMP, CGB 3. CHAR, CNT 

954 NOT CGB 3. CHAR^TEMP 

955 MOV GA, CGC3. MON_RMARG 

956 AND GA, C GB 3 . CHARJTEMP 

957 JNZ GA, M0N_UPDATE FIN 

958 CRJJPDATE: 

959 i IF RIGHT MARGIN WAS EXCEEDED, MOVE CHARACTER COUNT 

960 i TO LEFT MARGIN AND INCREMENT LINE COUNT AND Y CURSOR 

961 ) POSITION 

962 LPDI GC, DP J=»B 

963 MOVI GB, STAT_RAM 

964 I NC CGB3. LI NE_CNT 

965 MOV CGB3. CHAR_CNT, CGC3. MON LMARG 

966 ; 

967 * CHECK IF LINE COUNT WENT PAST BOTTOM OF SCREEN 

968 ; 

969 MOV CGB 3. LINEJTEMP, CGB 3. LINE^ CNT 

970 NOT CGB 3. LINE_TEMP 

971 MOV GA, CGB 3 . LINEJTEMP 

972 AND GA, CGC3. MONJEND 

973 JNZ GA, MON_UPDATE_ FIN 

974 > 

975 ; LINE COUNT EXCEEDED BOTTOM MARGIN- 

976 i SET SCROLL FLAG 

977 ; AND KEYBOARD INHIBIT AND DECREMENT LINE COUNT 

978 ; 

979 MOVBI CGC3. SCROLL_REQ, OFFH 

980 MOVBI CGC3. KBD J.UH, OFFH ; **** 

981 DEC CGB 3. LINE^CNT 

982 MON_UPDATE_F I N : 

983 s 

984 i RETURN TO CALLING ROUTINE 

985 ; 

986 MOVI GB,STAT_RAM 

987 LPDI GC, DP_PB 

988 MOVP TP, CGB 3 

989 * 

990 ; KEYBOARD BUFFER SUBROUTINE 

991 ; 

992 i TRANSFER THE ASCII CHARACTERS OBTAINED FROM THg 

993 i 8279 CONTROLLER INTO A BUFFER FOR LATER 

994 i PROCESSING BY THE 8086. 

995 i 

996 KEYJBUFJJPDATE: 

997 LPDI GC, DP_PB * 

998 MOVI GB, STATJRAM 

999 ; 

1000 ; BYPASS IF BUFFER FULL 

1001 i 

1002 JNZB CGC 3 . KBD J3UF_FULL, KBU RETURN 

1003 i 

1004 i BYPASS IF 8086 COMMAND MODE 
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LINE 

1005 

1006 

1007 

1008. 

1009 

1010 

1011 

1012 

1013 

1014 

1015 

1016 

1017 

1018 

1019 

1020 

1021 

1022 

1023 

1024 

1025 

1026 

1027 

1028 

1029 

1030 

1031 

1032 

1033 

1034 

1035 

1036 

1037 

1038 

1039 

1040 

1041 

1042 

1043 

1044 

1045 

1046 

1047 

1048 

1049 

1050 

1051 

1052 

1053 

1054 

1055 

1056 

1057 



SOURCE 

JNZB IGC1 C0li._8086; KBU ^RETURN 
XFER THE CHARACTER 

i 

MOV IX* CGC 3. KBD ,BUF. PTR 

LPDI GA# KEY J3UF 

MOVB CGA+I X 3 > CGB3. ASCII 

INC t GC 3 . KBD J3UF_PTR 

MOV GA, CGC 3. KBDjBUF PTR 

AND I GA, OFFOOH 

JZ GA, KBUJ3ETURN 

POINTER OVERRUN-SET BUFFER FULL FLAG 



DEC 
MOVB I 
MOVB I 
KBU_RETURN: 

MOVP 



CGC 3. KBDJ3UF.J=»TR 

CGC 3. KBDJBUF^FULL, OFFH 

CGA+I X 3 , OFFH 



SET END OF BUFFER MARKER 



TP, CGB 3 
EEPROM BUFFER SUBROUTINE 

THIS ROUTINE TRANSFERS THE ASCII CHARACTERS OBTAINED 
FROM THE 8279 CONTROLLER INTO THE DUAL PORT EEPROM BUFFER 



EEP JB UF_UP DATE : 
MOV I 
LPDI 



GB, STATJRAM 

GC, DP PB 



CHECK FOR BUFFER FULL FLAG OR EEPROM INHIBITED 

JNZB CGC 3. EEP_INH, EBU_RETURN 
JNZB CGC 3. EEP „JB UFJFULL , EBU. RETURN 

XFER THE CHARACTER 

MOV IX, CGB 3. EEPJBUF PTR 

LPDI GA, EEP_J3UF 

MOVB CGA+I X 3 , CGB 3. ASCII 

INC CGB 3. EEP_J3UFJPTR 

MOV GA, CGB3. EEPJBUF PTR 

AND I GA, OFFOOH 

JZ GAi EBU_RETURN 

POINTER OVERRUN-SET BUFFER FULL FLAG 



DEC 
MOVB I 
EBUJRETURN; 

MOVP 

DUMBTERM 



CGB 3. EEPJBUFJPTR 

CGC 3. EEP JBUF__FULL, OFFH 

TP, CGB 3 

ENDS 

END 
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INTRODUCTION 

As the performance of microcomputers has improved, 
the types of functions performed by these microcom- 
puters have grown. One application filled by these 
machines has been to perform typical "adding 
machine* ' type calculations, balancing ledgers, etc. This 
type of machine has come to be called a "small business 
computer.' * To be a true business computer, however, 
the types of operations performed by these machines 
need to be expanded beyond simple "balance the 
books" types of operations. There are many algorithms 
that have been impractical for these small business com- 
puters because the number of calculations required by 
the algorithms and the performance available from 
these machines did not make them feasible. Such opera- 
tions were available only on large mainframe or mini- 
computers. With the introduction of the iAPX 86/20, a 
microcomputer can finally perform these types of 
calculations at a cost level appropriate to small business 
computers. 

The iAPX 86/20 features the Intel 8086 with the 8087 
numerics co-processor. This combination allows for 
high-performance, high-precision numeric calculations. 
Many types of operations require this performance to 
provide accurate results in a reasonable amount of time. 
This increased performance will also be particularly 
welcome in the interactive user environment, typically 
found in small business computers. It is very frustrating 
to wait many seconds or even minutes after hitting 
"return" for the computer to generate results. 

In general, if there are many methods to solving a 
business computer problem, the method requiring the 
largest number or calculations will provide the best 
results. In many applications, approximate methods 
have been used because the speed of the hardware (or 
the cost of the computer time) did not allow a more ex- 
act method to be used. Because of the high performance 
of the iAPX 86/20, these numeric intensive methods 
may now be used in small business computer software. 

The types of calculations demonstrated in this note are: 

• Interest and Annuities. These calculations require 
the use of floating point multiplication, division, 
exponentiation and logarithms. These calculations 
are used to determine the present or future value 
of certain types of funds. 

• Restocking. These iterative calculations require 
extensive use of floating point multiplication and 
division. They are used to determine the optimum 
restocking times for a given item when the set-up 
charges, holding costs and demand for the item 
are known or can be estimated. 



• Linear Programming. These calculations require 
extensive use of floating point multiplication and 
division. One of many applications for linear pro- 
gramming is the determination of optimum pro- 
duction quantities of diverse products when the 
quantities of their various constituents are both 
overlapping and limited. 

iAPX 86/20 HARDWARE OVERVIEW 

The iAPX 86/20 is a 16-bit microprocessor based on the 
Intel 8086 CPU. The 8086 CPU features eight internal 
general-purpose 16-bit registers, memory segmentation, 
and many other features allowing for efficient code 
generation from high-level language compilers. When 
augmented with the 8087, it becomes a vehicle for high- 
speed numerics processing. The 8087 adds eight 80-bit 
internal floating point registers, and a floating point 
arithmetic logic unit (ALU) which can speed floating 
point operations up to 100 times over other software 
floating point simulators or emulators. 

The 8086 and 8087 execute a single instruction stream. 
The 8087 monitors this stream for numeric instructions. 
When a numeric instruction is decoded, the 8086 
generates any needed memory addresses for the 8087. 
The 8087 then begins instruction execution automat- 
ically. No other software interface is required, unlike 
other floating point processors currently available 
where, for example, the main processor must explicitly 
write the floating point numbers and commands into the 
floating point unit. The 8086 then continues to execute 
non-numeric instructions until another 8087 instruction 
is encountered, whereupon it must wait for the 8087 to 
complete the previous numeric instruction. The over- 
lapped 8086 and 8087 processing is known as concur- 
rency. Under ideal conditions, it effectively doubles the 
throughput of the processor. However, even when a 
steady stream of numeric instructions is being executed 
(meaning there is no concurrency), the numeric per- 
formance of the 8087 ALU is much greater than that of 
the 8086 alone. 

The hardware interface between the 8086 and the 8087 is 
equally simple. Hardware handshaking is performed 
through two sets of pins. The RQ/GT pin is used when 
the 8087 needs to transfer operands, status, or control 
information to or from memory. Because the 8087 can 
transfer information to and from memory independent 
of the 8086, it must be able to become the "bus 
master," that is, the processor with read and write con- 
trol of all the address, data and status lines. Only one 
unit is permitted to have control of these lines at a time; 
chaos would exist otherwise, like four people talking at 
once with each trying to understand the others. 
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The TEST/ BUSY pin is used to manage the concur- 
rency mentioned above. Whenever the 8087 is executing 
an instruction, it sets the BUSY pin on high. A single 
8086 instruction (the WAIT instruction) tests the state 
of this pin. If this pin is high, the WAIT instruction will 
cause the 8086 to wait until the pin is returned to low. 
Therefore, to insure that the 8086 does not attempt to 
fetch a numeric instruction while the 8087 is still work- 
ing on a previous numeric instruction, the WAIT in- 
struction needs to be executed. The 8086/87/88 
assembler, in addition to all Intel compilers, auto- 
matically inserts this WAIT instruction before most 
numeric instructions. Software polling can be used to 
determine the state of the BUSY pin if hardware hand- 
shaking is not desired. 

Most other lines (address, status, etc.) are connected 
directly in parallel between the 8086 and the 8087. An 
exception to this is the 8087 interrupt pin which must be 
routed to an external interrupt controller. An example 
iAPX 86/20 system is shown in Figure 1 . A more com- 
plete discussion of both the handshaking protocol be- 
tween the 8086 and the 8087 and the internal operation 
of the 8087 can be found in the application note Getting 
Started With the Numeric Data Processor, AP-113 by 
Bill Rash, or by consulting the numerics section of the 
July 1981 iAPX 86,88 Users Manual. 



In addition to the 8087 hardware, the 8086 is also sup- 
ported by Intel compilers for both Pascal and FOR- 
TRAN, Code generated by these compilers can easily be 
combined with code generated from the other compiler, 
from the Intel 8086/87/88 macro assembler or the Intel 
PL/M compiler. In addition, these compilers produce 
in line code for the 8087 when numeric operations are 
required. By producing in line code rather than calls to 
floating point routines, the software overhead of an un- 
necessary procedure call and return is eliminated. The 
combination of both hardware co-processors and soft- 
ware support for the iAPX 86/20 pfovides for greater 
performance of both the end product, and its develop- 
ment effort. 

ROUTINES IMPLEMENTED 

All routines implemented in this application note were 
written entirely in either Pascal 86 or FORTRAN 86. In 
addition, a FORTRAN program available from IMSL 1 
for use in solving linear programs was used. In each 



IMSL, Inc., Sixth Floor-NBC Building, 7500 Bellaire 
Boulevard, Houston, Texas, 77036. (713) 722-1927. 
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case, the routine was executed using a 5 MHz iAPX 
86/20 on an iSBC86/12 board contained within an Intel 
Intellec™ Series III development system. The programs 
can be executed on any iAPX 86/20 (or iAPX 88/20) 
with sufficient memory, however. In general, the 
memory requirements for the programs were not 
substantial. Source listings for all routines written for 
this note are located in the appendix. 

All routines were run using both the 8087 and the 8087 
software emulator. The 8087 software emulator is a 
software package exactly emulating the internal opera- 
tion of the 80$7 using 8086 instructions. When the 
emulator is used, an 8087 is not required. The emulator 
is a software product available from Intel as part of the 
8087 support library. The performance of the 8087 
hardware is much better than that of the software 
emulator, as one would expect from a specialized floating 
point unit. 

In some routines, values are quoted for the various data 
formats supported by the 8087. For real numbers, these 
formats are short real, long real, and temporary real. 
The differences among the three are in the number of 
bits allocated to represent a given floating point 
number. 

In all real numbers, the data is split into three fields: the 
sign bit, the exponent field and the mantissa field. The 
sign bit indicates whether the number is positive or 
negative. The exponent and mantissa together provide 
the value of the number: the exponent providing the 
power of two of the number, and the mantissa pro- 
viding the "normalized" value of the number. A * 'nor- 
malized' * number is one which always lies within a cer- 
tain range. By dividing a number by a certain power of 
two, most numbers can be made to lie between the 



numbers 1 and 2. The power of two by which the 
number must be divided to fit within this range is the 
exponent of the number, and the result of this division is 
the mantissa. This type of operation will not work on all 
numbers (for example, no matter what one divides zero 
by, the result is always zero), so the number system must 
allow for these certain "special cases." 

As the size of the exponent grows, the range of numbers 
representable also grows, that is, larger and smaller 
numbers may be represented. As the size of the mantissa 
grows, the resolution of the points within this range 
grows. This means the distance between any two adja- 
cent numbers decreases, or, to put it another way, finer 
detail may be represented. Short real numbers provide 
eight exponent bits and 23 significand or mantissa bits. 
Long real numbers provide 11 exponent bits and 52 
significand bits. Temporary real numbers provide 15 ex- 
ponent bits and 63 significand bits. These data formats 
are shown in Figure 2. Thus, of the three data, formats 
implemented, short real provides the least amount of 
precision, while temporary real provides the greatest 
amount of precision. These levels of precision represent 
only the external mode of storage for the numbers; in- 
side the 8087 all numbers are represented in temporary 
real precision. Numbers are automatically converted 
into the temporary real precision when they are loaded 
into the 8087. In addition to real format numbers, the 
8087 automatically converts to and from external 
variables stored as 16, 32 or 64-bit integers, or 80-bit 
binary coded decimal (BCD) numbers. 

Memory requirements also increase as precision in- 
creases. Whereas a short real number requires only four 
bytes of storage (32 bits), a long real number requires 
eight bytes (64 bits) and a temporary real number 10 
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bytes (80 bits)! In many floating point processors, pro- 
cessing time also increases dramatically as precision is 
increased, making this another consideration in the 
choice of precision to be used by a routine. The dif- 
ferences in 8087 processing time among short real, long 
real and temporary real numbers is relatively insignifi- 
cant, however. This makes the choice of which precision 
to use in an iAPX 86/20 system a function only of 
memory limitations and precision requirements. 

Interest 

Routines were written to calculate the final value of a 
fund when given the annual interest and the present 
value. Although the calculations required to generate in- 
dividual interest values are rather short, the additional 
precision of the iAPX 86/20 can be used to generate 
better results. In addition, if a large number of interest 
calculations are to be performed (or if an interest rate 
type of calculation is used as part of an iterative model), 
the speed of the single interest rate calculation is impor- 
tant, as it will be performed very many times. 

It is assumed that the interest will be compounded daily, 
which requires the calculation of the yearly effective 
rate. This value, which is the equivalent annual interest 
rate when interest is compounded daily, is determined 
by the following formula: 

yer = (\+( 1 )) np -l 

np 

Where: 

• yer is the yearly effective rate 

• i is the annual interest rate 

• np is the number of compounding periods per 
annum 

Once the yer is determined, the final value of the fund 
can be determined by: 

/v = (l + yer)*pv 

Where: 

• pv is the present value 

• fv is the future value 

Results were obtained using short real, long real, and 
temporary real precision numbers when 

• iris set to 10% (0.1) 

• np is set to 365 (for daily compounding) 

• pv is set to $2,000,000 

The results are shown in Table 1 . 



Table 1. Interest Rate Calculation Results 





yer 


Final value 


Short real 
Long real 
Temp real 


10.514% 
10.516% 
10.516% 


$2,210,287.50 
$2,210,311.57 
$2,210,311.57 



The times required to calculate these results using FOR- 
TRAN 86 with both the 8087 and the 8087 emulator are 
shown in Table 2. 



Table 2. Interest Rate Calculation Times 





8087 


Emulator 


Short real 
Long real 
Temp real 


1.052 ms 
1.058 ms 
1.041 ms 


100.4 ms 

100.7 ms 

100.8 ms 



The difference in the final value between the short real 
and long real precision in this simple calculation is 
$24.07. Although the difference between short and long 
real precision results shown here is small, this difference 
would be signficant if the principal was larger, or if the 
period over which the interest was calculated was longer 
than a single year. Hence, the long real precision 
capability of the 8087 can provide most accurate results. 
Indeed, since the error calculated between the long real 
precision and temporary real precision results is in the 
thousandths of cents, the long real results are exactly 
correct, to the penny. Note that temporary real format 
allows for approximately 18 decimal digits of precision 
and the full precision of the numbers used in the calcula- 
tion is not printed in the above table. 

Annuities 

Values for a frequently used type of annuity were 
calculated, using routines written in both FORTRAN 
and Pascal. An annuity is a type of fund which gathers 
interest at the same time the principal is changing. A 
mortgage is a^type of annuity in which the principal is 
decreasing, whereas "the sinking fund*' implemented 
hefe is a type of annuity in which the principal is 
increasing. In both cases, the interest is added to the 
principal. 

THE SINKING FUND 

The "sinking fund" could be characterized by an in- 
dividual retirement account (IRA). In this fund, a fixed 
amount is placed in a savings fund each period. This 
fund also earns a certain amount of interest per period. 
The problem, then, is to calculate the final value of the 
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fund (after a certain number of periods). The example 
given calculates the value after 20 years of a fund in 
which payments of $1000 are made each month. The 
annual interest rate is given at 12% (0.12), but the in- 
terest is compounded daily. 

The first step in solving the problem is to determine the 
interest rate per month. This is done in a similar manner 
to the way the effective annual rate is calculated; 
however, the number of compounding periods is set to 
the number of days in a month, rather than the number 
of days in a year. Once this is done, the final value of 
the annuity is determined by: 



/v = pmt*- 



((l + /rp)^-l) 
irp 



Where: 

• fv is the final value 

• pmt is the amount placed in the fund each period 

• irp is the interest rate per period 

• np is the number of periods 

The short, long and temporary real precision results are 
shown in Table 3. 

Table 3. Annuity Calculation Results 





Tot Contrib 


Final value 


Rate/period 


Short 
Long 
Temp 


$240,000 
$240,000 
$240,000 


$997,103.25 
$997,048.51 
$997,046.51 


1.005% 
1.005% 
1.005% 



The times required to calculate these results using FOR- 
TRAN 86 with both the 8087 and, the 8087 emulator are 
shown in Table 4. Notice that although the most signifi- 
cant four digits of the interest rates per period shown 
are the same, the final value using short real precision 
calculations is inaccurate by $56.74 compared to the 
final value using long or temporary real calculations. 

Table 4. Annuity Calculation Times 





8087 


Emulator 


Short real 
Long real 
Temp real 


2.121 ms 
2.139 ms 
2.106 ms 


222 ms 
229 ms 
232 ms 



Restocking Algorithms 

A restocking algorithm determines when a company 
should replenish its stock of raw goods which make up 
its products. A restocking algorithm can be used to 
determine the restocking pattern if: 



• the demand for the given product can be predicted 

• carrying costs from month to month are known 
and fixed 

• no shortages are allowed 

• lead times are known and fixed 

There are three methods commonly used to determine 
the restocking pattern: 

1) the Fixed Economic Order Quantity (EOQ) 

2) the Silver-Meal heuristic 

3) the Wagner-Whitin method 

Of the three, the Wagner-Whitin method is guaranteed 
to provide the optional restocking pattern, while the 
Silver-Meal heuristic may provide a good approxima- 
tion to this pattern. The fixed Economic Order Quantity 
will not provide good results when the demand pattern 
is highly variable. Both the Wagner-Whitin method and 
the Silver-Meal heuristic are iterative methods in which 
many options are evaluated before the final restocking 
pattern is determined. 

THE FIXED ECONOMIC ORDER QUANTITY 

The simple Economic Order Quantity method may be 
used to select the number of items to be restocked at a 
time if the demand is constant. This number is deter- 
mined by: 



EQU- 



2AD 



Where: 

• A is the set-up cost 

• D is the average demand for the period 

• v is the variable demand cost per item 

• r is the holding cost per item 

As this method does not provide for period to period 
variability in demand, if this demand is variable, the 
performance of the method will obviously suffer. Its 
only advantage is simplicity. 

THE SILVER-MEAL HEURISTIC 

The Silver-Meal heuristic will provide an approximation 
to the optimal restocking pattern determined by the 
Wagner-Whitin method. It has been used rather than 
the Wagner-Whitin in application where better results 
were required than those supplied by the EOQ method, 
but where the available computing resources did not 
allow the use of the Wagner-Whitin method. This 
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method begins with the first month to be considered, 
then calculates the total replenishment and holding costs 
for this month, and a certain number of following 
months. As the number of months increases, the set-up 
charge per unit will decrease as it is distributed over 
more units. Also, however, as the number of units in- 
creases, the holding costs will increase. At a certain 
point, the holding costs will begin to increase at a 
greater rate than the set-up cost per unit falls. At this 
point, a "local minimum' * of the replenishment cost 
function will have been realized. The heuristic stops 
here, and begins the process again with the following 
month until all the months of the period have been con- 
sidered. This method may not provide the optimal solu- 
tion, since it provides only a local minimum, rather than 
a global minimum. The cost function is not guaranteed 
to continue to rise once it has begun to rise. This means 
that the restocking cost may actually fall to a lower level 
after an initial rise. This method requires much fewer 
cost calculations than the Wagner-Whitin method, 
however. 

THE WAGNER-WHITIN METHOD 

The Wagner-Whitin method is the most computationally 
intensive method to be discussed. It also is guaranteed 
to produce the optimal results. It is an application of 
"dynamic programming." It starts with the last month 
of the period, determining in inverse order the optimal 
replenishment pattern for the given month if the inven- 
tory is assumed zero at the start of the month. It does 
this by calculating the. replenishment cost for the given 
month and a number of subsequent months along with 
the holding costs for the stock replenished in the given 
month but carried over. The replenishment cost is the 
sum of the set-up charges and the per unit cost times the 
number of units acquired. The holding cost is the 
number of units held but not consumed in a given 
month. The total stocking costs for this option can then 
be determined by adding the replenishment cost, the 
holding cost and the optimal restocking cost for the 
month following the last one restocked in this iteration 
(since we have started from the last month of the period, 
the optimal restocking cost has already been determined 
for all months following the month being considered). 
The optimal restocking cost for the last month of the 
period is the restocking cost for that month alone. For 
example, if we are trying to determine the optimal 
restocking pattern from January through December of a 
year, the determination of the optimal restocking pat- 
tern for June might begin like this: 

1) Determining restocking cost (startup cost, per part 
cost, etc.) for June alone. 

2) Determine the holding costs (if June alone is being 
restocked, the holding cost will be zero). 



3) Determine the total cost of this option. This will be 
the restocking cost determined in (1) added to the 
holding costs determined in (2) added to the op- 
timal restocking cost from zero initial inventory 
determined previously (using this algorithm) for 
July. 

4) Loop back to (1). However this time, restock for 
June and July, calculate the holding cost for the 
July stock, and use the optimal restocking cost 
from zero initial inventory for August. 

This will continue until starting with June, requirements 
for the balance of the year are being restocked. As the 
algorithm continues, the cost of each new restocking 
period (that month and the number of months following 
it being restocked) for a particular month is compared 
with a previously determined minimum cost. If it is less, 
a new minimum cost has been determined, and this 
restocking pattern will replace the qld one as the optimal 
restocking pattern for the month. As should be ap- 
parent, a "horizon" in which the stock will be known to 
go to zero must be determined , in order for this 
algorithm to be used. While this may at first seem 
unrealistic, one can see that in any month where the de- 
mand for the product is relatively high, the stock will be 
allowed to go to zero, as the holding cost to that month 
will surpass the benefit, in the restocking cost if the re- 
quirements were restocked in the previous month. 

OVERALL PERFORMANCE CONSIDERATIONS 

Generally, the better an algorithm is in determining an 
objective function, the greater the computer perform- 
ance required to execute the algorithm. This is true here, 
with the most numeric intensive solution guaranteed to 
realize the optimal solution to the problem, whereas the 
simpler solutions will only provide approximations to 
this solution. A more complete explanation of these 
three methods can be found in Peterson and Silver 2 . 

EXAMPLE RESTOCKING PROBLEM 

Routines were written in Pascal to show possible im- 
plementations of the Wagner-Whitin and Silver-Meal 
heuristic. The EOQ method's results were solved by 
hand and programmable calculator. The following 
example was used to demonstrate the results of these 
methods in solving a general stock management 
problem: 

A company manufactures video games in 
which a ROM programmed microcomputer 

2 J ' 

Peterson, Rein, and Edward A. Silver, Decision Systems For 
Inventory Management And Production Planning, John 
Wiley & Sons, New York, 1979, pp 308-321 . 
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is used. The manufacturer from which the 
company buys this microcomputer has an in- 
itial ROM set-up charge of $3000, with the 
cost per part varying from $20 in quantities 
of less than 500, $17.50 in quantities from 
500 to 5000, and $15 in larger quantities. The 
holding cost is determined to be $0.40 per 
part. The company barely missed the 
Christmas rush with its introduction, but has 
determined that the monthly demand for the 
next two years will be: 



Month 


Demand 


Month Demand 


January 


500 


July 3500 


February 


1500 


August 2500 


March 


2500 


September 5000 


April 


2000 


October 7500 


May 


2000 


November 9500 


June 


1000 


December 10000 



How should the company restock the 
microcomputers? 

The first problem that must be solved (when using the 
Wagner-Whitin method) is the horizon to which the 
stock will be replenished. The criterion to be used is that 
the final month should be a month in which the demand 
in the subsequent month is relatively high. Choosing 
December as the final month would not produce the 
best results, as the requirements for January are low. 
Looking at the demand function, it can be seen that the 
requirements for September are relatively high, so 
August would be a good choice as the horizon month. It 
is assumed that the demand for the second year will be 
similar to the demand predicted for the first year. This 
allows extending the period of calculation beyond the 
first year up to the chosen horizon month. Given the 
total demand function, the part cost, the holding cost, 
and the startup cost, the problem may be plugged into 
the Wagner-Whitin, Silver-Meal and Economic Order 
Quantity methods, and the results calculated. 

Using the EOQ with this demand function yields: 

• D is 3150 

• A is 3000 

• v is $15.00 

• r is 0.0229 



This leads to an EOQ of 7418. 

The results obtained from the Wagner-Whitin method, 
the Silver-Meal heuristic and the EOQ are shown in 
Table 5. The performance difference between the 
methods is apparent. Although using the Silver-Meal^ 
heuristic would save the business $12,949 over using the 
EOQ method, using the Wagner-Whitin method would 
save the business almost $25,000 over using the EOQ 
(surely below the cost of a small business computer!). 
The effect on the performance of the Silver-Meal 
heuristic of choosing a local minimum rather than a 
global minimum can be seen especially in the first few 
months in which it replenishes stock 5 times vs. 3 times 
for the Wagner-Whitin method. It should also be noted 
that the execution time of the Silver-Meal heuristic using 
the emulator is still greater than the execution time of 
the Wagner-Whitin method when the 8087 is used (and 
the execution time of the EOQ on the hand calculator 
was much greater than the execution time of either of 
the two iAPX 86/20 programs!). These results are also 
interesting when one realizes that until now the 
Economic Order Quantity method has been the most 
commonly used method of scheduling stocking intervals. 

Linear Programming 

Linear programming methods are very powerful ways 
of finding the optimal solution to operations problems. 
For example, if a number of different products can be 
made from a combination of limited resources as ex- 
pressed by a set of equations, a linear program can be 
set up to determine the optimal number of each end 
product to make in order that a certain objective func- 
tion is maximized. This objective function can be prac- 
tically anything if it is a linear function— for example, 
insuring that profit is maximized, that the use of a cer- 
tain facility is maximized, that shipping costs are 
minimized, etc. Various software packages are available 
on the market to solve linear programs. The package 
which was used in this example consisted of a set of 
FORTRAN subroutines available from IMSL 3 . To use 
the routines a FORTRAN program is written to set up 
the appropriate input arrays and call the routine. They 
could very easily be integrated into a friendly interactive 
user environment, where the increased performance of 
the 8087 would be especially apparent and welcomed. 



3 IMSL, Inc. 
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Table 5. Restocking Algorithm Results 



Wagner-Whitln Method 


Silver-Meal Heuristic 


Economic Order Quantity 


momn 


raumDsr 


upiirnai 


iMumoer 


upnmai 


FMurnDBr 


upiimai 




to Restock 


Cost 


to Restock 


Cost 


to Restock 


Cost 


1 


6500 


$985,200 


500 


$996,600 


7418 


$1,009,549 


2 


* 




1500 


$984,850 






3 


* 




7500 


$995,600 


♦ 




4 






* 




* 




5 


6500 


$879,700 


* 
* 




7418 


$888,810 


6 

7 


* 




6000 


$836,500 


♦ 




8 


7500 


$776,000 


* 




7418 


$769,137 


9 






5000 


$742,500 ^ 


* 




10 


7500 


$658,500 


7500 


$664,500 


7418 


$651,464 


11 


9500 


$543,000 


9500 


$549,000 


14836 


$536,525 


12 


12000 


$397,500 


19500 


$403,500 


7418 


$308,182 


13 


* 












14 


* 




* 




* 




15 


7500 


$213,100 






7418 


$189,600 


16 


* 




* 




* 




17 


* 




*, 




* 




18 


* 




* 




* 




19 


6000 


$94,000 


6000 


$94,000 


3656 


$67,980 


20 


* 




* 




* 




Total Hold Costs: 


$16,200 




$19,600 




$31,409 


Replenishment Costs: 


$24,000 




$27,000 




$24,000 


Times Replenished: 


8 




9 




8 


Total Cost: 




$985,200 




$996,600 




$1,009,549 


Time to calculate above values: 










Using 8087: 


310 ms 




20 ms 






Using emulator: 22.98 seconds 




1.91 seconds 







THE SIMPLEX METHOD 

The simplex method is an algorithm which may be used 
to solve linear programs. The problem is specified to the 
routine as an objective function (of a certain number of 
* 'products'') and a set of constraints on the constituents 
of these products. The objective function specifies 
exactly how the products are combined to derive the 
objective function. The constraints specify how each of 
the constituents are combined to make up each of the 
products, and also specify the limits imposed on these 
various constituents. 

The set of constraints is usually set up as a two- 
dimensional matrix, while the objective function is set 
up as a vector. The combination of the objective func- 
tion and the set of constraining equations is known as 
the input tableau. The constraining equations may have 
both inequality relations (we must use less than 1000 
eggs) and equality relations (we must use exactly 1000 
eggs). The method itself requires all inequality relations 
to be converted to equality relations. This is done 
through the addition of "slack" and "surplus" 



variables, so called beacuse they fill up the slack or take 
up the surplus in an inequality relationship. Through 
many iterations, the method automatically reduces the 
inequality constraints in the original problem to equality 
constraints through the addition of these slack and 
surplus variables. "Artificial" variables are then added 
to the equation to form an initial set of basic variables 
or bases. This basis forms a feasible solution to the 
problem, although this solution is non- optimal. The 
object, however, is to find the optimal solution to the 
problem (the solution that optimizes the objective func- 
tion). This initial form is called the canonical form. It 
transforms the original set of constraint equations and 
the objective function by the addition of artificial, slack 
and surplus variables. 

After the problem has been set into canonical form, 
phase I of the problem is ready to begin. In this phase, 
"pivoting" is performed on the constraint variable 
matrix until all the coefficients on the modified objec- 
tive function are less than zero. This pivoting operation 
is very similar to gaussian elimination. A certain 
variable in a certain row and column of the matrix is 
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divided by itself to become 1 . Subsequently, every other 
variable in that row must be divided by this variable. All 
other variables in the column containing this variable 
are then eliminated by multiplying the variable set to 
one by the negative of the variable to be eliminated and 
then adding the result of this multiplication to the 
number being eliminated. In order for the matrix to re- 
main valid, this operation must be*performed on all 
other columns of the matrix as well, which leads to a 
large number of multiplies and divides. 

Once phase I is complete, phase II must be initiated. 
This phase is required if any of the artificial variables re- 
main in the solution as a basis. Through another round 
of pivoting, the remaining artificial variables are re- 
moved from the solution. What finally comes out is the 
optimal mix of the input variables so the objective func- 
tion is maximized. A more complete description of both 
the simplex method and the revised simplex method can 
be found in Bradley, Hax, and Magnanti 4 . 

ROUTINE IMPLEMENTED 

The linear program used in this example is the IMSL 5 
routine "ZX3LP." This routine is the so-called "easy- 
to-use" linear program solver. It solves the linear pro- 
gram using the revised simplex method. On output, it 
provides not only the solution to the problem, but also 
what is called the dual solution. The dual solution gives 
information about how the solution could be enhanced. 
The objective function is input to the routine as a vec- 
tor, while the constraining equations are input to the 
routine as a matrix. Both inequality and equality con- 
straining equations may be used; the routine will 
automatically insert slack and surplus variables. The 
outputs of the routine are two vectors containing the 
"primal' ' solution and the dual solution. The routine 
also calculates the optimal value of the objective func- 
tion. The version of the routine used was originally 
developed for the IBM 370/3033 mainframe computer. 
It required no modifications to run on the iAPX 86/20 
using FORTRAN 86. 

EXAMPLE PROBLEM 

The following problem was input to the linear program 
routine: 

A small cookie company has four different 
products: chocolate chip cookies without 
walnuts, chocolate chip cookies with 

Stephen P. Bradley, Hax, Arnoldo C, and Magnanti,. 
Thomas L., Applied Mathematical Programming, Addison- 
Wesley, Reading, Massachusetts, 1977. 

5 IMSL, Inc. 



walnuts, brownies without walnuts, and 
brownies with walnuts. The recipes for the 
four are: 



Chocolate Chip Cookies 
2 eggs 

2 /3 cup shortening 

1 cup sugar 

1 cup brown sugar 

1 tsp. vanilla 

2 X A cup flour 

1 tsp. baking soda 

1 tsp. salt 

12 oz. chocolate chips 

(1 Vi cup walnuts) 
0.15 hour oven time 
0.25 hr mix time (w/o nuts) 
0.45 hr mix time (w/nuts) 



Brownies 
4 eggs 

2 A cup shortening 
2 cups sugar 

1 tsp. vanilla 
l!4cup flour 

1 tsp. baking powder 
1 tsp. salt 

4 oz baking chocolate 
( 2 /3 cup walnuts) 
0.5 hour oven time 
0.25 hr mix time (w/o nuts) 
0.45 hr mix time (w/nuts) 



The available amounts of many of the ingre- 
dients have been set previously by contract 
and may not be altered. They are: 



Item 


Quantity 


eggs 


1000 


sugar 


600 cups 


brown sugar 


20 cups 


baking chocolate 


700 oz. 


flour 


600 subs 


baking soda 


150 tsp. 


baking powder 


150 tsp. 


chocolate chips 


1500 oz. 


walnuts 


125 cups 


oven time 


560 hburs 


mixing time 


750 hours 


The amount of profit made for each type 


cookie is: 




Cookie Type 


Profit per Batch 


chocolate chip w/o 


$0.85 


chocolate chip with 


$0.95 


brownies w/o 


$1.10 


brownies with 


$1.25 



It is assumed that the cookie company can 
sell everything that it makes. How many of 
each kind of cookie should the company 
make in order that the profit is maximized? 

The problem was set up into the input tableau. The 
objective function is: 

Y= .85**i + .95*AT 2 + 1.1**3 + 1.25**4 
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Table 6. Example Problem Input Tableau 



2X1 


+ 


2X2 


+ 


4X 3 


+ 


4X 4 


= 1000 (eggs) 


Xi 


+ 


x 2 


+ 


2X3 


+ 


2X4 


= 600 (sugar) 


Xi 


+ 


x 2 




4X 3 


+ 


4X 4 


= 200 (b. sugar) 
= 700 (b. choc). 


2.25 Xi 


+ 


2.25 X 2 


+ 


1.25 X 3 


+ 


1.25 X 4 


= 600 (flour) 


X! 


+ 






x 3 


+ 


x 4 


= 150 (b. soda) 
= 150 (b. powder) 


12Xl 


+ 


12X2 
.5 X 2 


+ 


.65 X 4 






= 1500 (c. chips) 
= 125 (walnuts) 


.15Xl 


+ 


.15 X 2 


+ 


.5 X 3 


+ 


.5 X 4 


= 560 (oven time) 


.25Xl 


+ 


.45 X 2 


+ 


.25 X 3 


+ 


.45 X 4 


= 750 (mix time) 



Where the variable Xi is the number of batches of 
chocolate chip cookies without nuts, X2 is the number 
of batches of chocolate chip cookies w,ith nuts, X 3 is the 

, number of batches of brownies without nuts, and X4 is 
the number of batches of brownies with nuts. The input 

N tableau is shown in Table 6. These were put into the 
proper input matricies of the ZX3LP program, and the 
following results were generated: 



profit 


$299.25 


, batches of choc chips w/o 


70 


batches of choc «chips with 


55 


batches of brownies w/o 


0 


batches of brownies with 


150 



In addition, the dual solution shows that the single in- 
gredient most limiting the profit of the cookie company 
is the availability of baking powder, and that for every 
additional unit (teaspoon) of baking powder available, 
the profit of the company will increase 1.12 cents. 

The calculation times are: 



with 8087 


1.01 seconds 


with emulator 


46.78 seconds 


with PDP11/45 


0.7 seconds 


with IBM 3033 6 


0.07 seconds 



The results show that the performance of the iAPX 
86/20 is close to the performance of the mini-computer. 
In addition, the performance is only a little more than 
an order of magnitude below the performance of the 
IBM mainframe, a "maxi" computer with an execution 
rate of 5 MIPS, and a CPU/hour cost of around $800! 
A comparison of results between the iAPX 86/20 and 
the emulator verifies the speed of the 8087 is required to 
provide results, in a reasonable period Of time. The 
power and ease of use of this type of sophisticated 
numerical method combined with an "electronic 
worksheet" type of program could be a major advance 
in the "state of the art" of small business machine soft- 
ware. 

CONCLUSIONS 

The types of routines demonstrated in this note show 
that there are many classes of numeric intensive soft- 
ware which are (or should be) commonly used in every- 
day business operations. With the introduction of the 
iAPX 86/20, these types of applications are finally 
within the performance limits of microcomputers selling 
for a fraction of the cost of the previously required 
mini- or maxi- computers. In addition, the availability 
of both Pascal and FORTRAN compilers for the iAPX 
86/20 eases the problem of software generation and 
availability for the processor. Because of the portable 
nature of these high-level languages, a minimum of ef- 
fort is required to generate or to port software to the 
iAPX 86/20 from existing systems. With this kind of 
numeric intensive software support, the 8087 will be an 
essential part of the next generation of small business 
computers. 



'Non-Intel computers used were a PDP 11/45 mini-computer 
with 256K MOS RAM, and a FP1 1-B floating point unit run- 
ning the UNIX operating system during a period of light load. 
The program was compiled using the UNIX F77 FORTRAN 
compiler, and an IBM 370/3033 mainframe computer run- 
ning the VM/CMS operating system during a period of 
medium ioad (the program, however, did not get swapped 
out of memory during execution). The IBlVf FORTRAN G 
compiler was used. 
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APPENDIX A Contents page 

Interest rate calculation routine 

in FORTRAN A-2 

Annuity calculation routine 

in Pascal . . . , A-3 

Annuity calculation routine 

in FORTRAN A-4 

Silver-Meal heuristic calculation 

routine in Pascal A-6 

Wagner-Whitin method calculation 

routine in Pascal A-9 

Linear programming routine 

in FORTRAN A-12 



/ 
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FORTRAN- 8 6 COMPILER 

sF6:INTST.FOR ^ 

SERIES-III FORTRAN-86 COMPILER X023 

COMPILER INVOKED BY: FORT86.86 : F6 : INTST . FOR 

c 

c this program provides the yearly effective rate (double and 

c single precision) and final value when the interest rate 

c (ir), the number of compounding periods (np) , 

c the present value (pv) are specified, 
c 

1 real pv,ir,fv,yer 

2 real*8 fvd,yerd 

3 tempreal fvt,yert 

4 integer*2 np,csv 

5 ihteger*4 count , rtimer 
c 

c $2,000,000., at an interest rate of 10% with daily compounding for 1 year 

6 pv=2000000. 

7 ir=.l 

8 np=365 

c . 

c set rounding control to single precision 

c 

9 call stcw87(csv) 

10 csv=csv .and. #fcffh 

11 x call ldcw87(csv) 

v c 

12 yer=(l+(ir/np) )**np - 1 

13 fv=(i + yer)*pv 
c 

c set rounding control to double precision 
c 

14 csv=csv .or. #200h 

15 call ldcw87(csv) 
c 

16 yerd=(l+(ir/np) )**np - 1 

17 fvd=(l + yerd)*pv 
c 

c set rounding control to temp real precision 
c 

18 csv=csv .or. #100h 

19 call ldcw87(csv) 
c 

20 yert=(l+(ir/np) )**np - 1 

21 fvt=(l + yert)*pv 
c 

c print results 
c 

22 print *,' single precision: yer=' ,yer, ' fv=' , fv 

23 "print *,' double precision: yer= 1 ,yerd, 1 fv= ' , fvd 

24 print * , 1 temp real precision: yer= ' , yert , ' fv= ' , fvt 

25 stop 

26 v end 
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SERIES-III Pascal-86, VI. 1 



Source File: : Fl : ANNP1 . PAS 
Object File: : Fl : ANNP1 .OBJ 
Controls Specified: CODE. 



SOURCE TEXT: : Fl : ANNP1 . PAS 

(* ANNUITIES: type 1, the sinking fund 

* if one were to place $1000 a month into a savings fund which 

* earns 12% per annum, compounded daily, what will be the value 

* of the fund after 20 years??? 
*) 

module annuity; 
public eel; 

function mqery2x(y,x: real):real; (* takes y to the x *) 
program annuity ( input , output ) ; 

var 

ir, (* the annual interest rate *) 

fv, (* the final value *) 

pmt, (* the amount of the payment *) 
irp: (* the interest rate per period *) 
real ; 

np: (* the number of periods •*) 

integer ; 

begin 

(* insert calculation values *) 
ir := 0.12; 
pmt := 1000; 

np := 12 * 20; (* 20 years of months *) 

(* calculate the effective interest rate per period *) 

irp := mqery2x( ( 1+ ( i r/365 . 0 ) ) ,365. 0/12. 0)-l; 
(* effective monthly rate *) 
(* calculate the future value *) 

fv := pmt * (mqery2x( (1+irp) ,np)-l)/irp; 



(* print results *) 

writeln('the effective monthly rate is*,irp:18); 
writeln('the future value of the annuity is ' , fv: 12: 2) ; 
writeln('the total contribution to the annuity is' ,np*pmt : 12: 2) ; 

end . 
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FORTRAN-86 COMPILER 
: PI: ANNUL FOR 

SERIES-III FORTRAN-86 COMPILER X023 \ 
COMPILER INVOKED BY: FORT86.86 : Fl : ANNU1 . FOR 

c 

c ANNUITIES: type 1, the sinking fund 

c if you place in a savings fund $1000.00 a month, and it 

c earns an interest rate of 12% per annum compounded daily, 

c what will be the value of the fund after 20 years? 
c 

1 real ir ,pv,f v,pmt , i rp 

i real*8 tvd,irpd 

3 tempreal fvt,irpt 

4 integer*2 cwv 
b integer np 

6 ir = .12 

7 pmt « 1000. 
c 

c the number of periods is the number of months in 20 years! (one period 

c is one month 

c 

8 np = 20*12 
c 

c set the 8087 to single precision mode 
c 

9 call stcw87(cwv) 

10 cwv a cwv .and. #fcffh 

11 call ldcw87(cwv) 
c 

c first calculate the effective interest rate per period 
c 

12 irp * (l+(ir/365.) ) ** (365./12. ) - 1 
c 

c then calculate the future value 
c 

13 fv = pmt * ((1 +irp)**np - l)/irp 
c 

14 print *,'single precision values:' 

15 print *,'the effective rate per month is', irp 

16 write (6,800) fv 

17 write (6,801) np*pmt 

18 800 format('the future value of the annuity is',fl8.2) 

19 801 formatCthe total contribution to the annuity is',fl8.2) 
c 

c set the 8087 to double precision mode 
c 

20 cwv=cwv .or. #200h 

21 call ldcw87(cwv) 

c 

c first calculate the effective interest rate per period 
c > - 

22 irpd = (l+(ir/365. ) ) ** (365d0/12d0) - 1 
c 

c then calculate the future value 
c 

23 fvd = pmt * ((1 +irpd) **np - l)/irpd 
c 

24 print *,'double precision values:* 
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"FORTRAN-86 COMPILER 
:F1:ANNU1.F0R 

25 print *,'the effective rate per month is',irpd 

26 write (6,800) fvd 

27 write (6,801) np*pmt 
c 

c set the 8087 to temp real precision mode 
c 

28 cwv=cwv .or. #100h 

29 call ldcw87(cwv) 
c 

c first calculate the effective interest rate per period 
c 

30 irpt = (l+(ir/365.))**(365t0/12t0) - 1 
c 

c then calculate the future value 
c 

31 fvt = pmt * ((1 +irpt)**np - l)/irpt 
c 

32 print *,'temp real precision values:' 

33 print *,'the effective rate per month is', irpt 

34 write (6,800) fvt 

35 write (6,801) np*pmt 

36 stop 

37 end 



3-209 



AFN-02184A 



AP-143 



SERIES-III Pascal-86, VI . 1 



Source File: :F6:SMCT.PAS 
Object File: :F6:SMCT.OBJ 
Controls Specified: <none> . 



SOURCE TEXT: :F6:SMCT.PAS 

(* This is going to try to find the optimal replacement cost 

* for a rather variable demand product over 20 months, when 

* the demand is known, an example could be a video game, using 

* a single chip ROM programmed microcomputer with an initial set 

* up charge of $3000.00, demand varies a lot with peak in October 

* and november(for Christmas), droops in may (vacations) , etc. 

* The cost per part varies from $20.00 per part up to 500, 

* $17.50 per part from 500 to 5000, and $15.00 above 5,000. 

* The Sliver-Meal heuristic is going to be used. 
*) 

module silver_meal; 
public timers ; 

function rtimer: integer ; 

procedure stimer; 
program si 1 ver_meal ( input, output ) ; 
const / , 

months = 20; 

monthspl = 21; 

setupcost = 3000.0; 

holdcost = 0.4; 

reallarge = l.OelO; 

reallargei = 32000; 



var 



repl: (* first time stock goes to 

arrayCl . .months] of integer; 



0 for a given month *) 



tomake 
require: 

arrayCl 
trcut , 
holdcos'tv: 

array[l 
cost, 
costl , 
cost2 , 
totalcost , 
lastcost , 
totalholdcost : 

real ; 
i, j,k: 

integer 
totcnt , 
holdcnt: 

real ; 
count : 

integer 



the number of boxes to make in a month *) 
(* number of boxes required in a given month *) 
monthspl] of real; 



(* holding costs 
.months] of real; 



calculated cost in a given situation *) 

production cost *) 

holding cost * ) 

the total cost of it all *) 

used in determining the total cost * ) 

the total hold cost *) 



(* counters *) 

(* accumulated number of boxes in a batch 
(* number of boxed holding *) 

(* the 10 ms count *) 



begin 

required ] 
requireC 2] 
require[3] 
require[4] 



:= 500; 

:= 1500 

:= 2500 

:= 2000 
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SOURCE TEXT: :F6:SMCT.PAS 



requireC 5] 
require[6] 
require[7] 
require[8] 
require[9] 
requireClO] 
require[ll] 
require[12] 
require[13] 
require[14] 
require[15] 
require[16] 
require[17] 
require[18] 
require[19] 
require[20] 



2000 

1000 

3500 

2500 

5000 
■ 7500; 
= 9500; 
= 10000 

* 500; 
= 1500 
= 2500 
= 2000 
= 2000 
= 1000 

* 3500 
= 2500 



(* stop here, because the next month is much 
higher can assume will restock then *) 
requireCmonthspl] r= reallargei; 



s timer ; 



(* start the timer *) 



i := 1; 

while i <= months do begin 
trcut[i] := reallarge; 
totcnt := 0; 



(* i is the month working on *) 



3 := i; 

while j <= monthspl do begin 

totcnt := totcnt + require[j]; 
if totcnt < 500 then costl := 20 
else if totcnt < 5000 then costl 
else costl := 15.0 * totcnt; 
cost2 := 6.0; 
holdcnt := totcnt; 
for k := i to j - 1 do begin 

holdcnt := holdcnt - require[k]; 
cost2 := cost2 + holdcnt * holdcost 

end; 

cost := (setupcost + cost2 + costl) /(j 
if cost < trcutCi] then begin 

trcutCi] := cost; 

tomake[i] j= totcnt; 

holdcostv[i] := cost2; 

end 

else begin 

repl[i] := j; 
i := j; 

j :== monthspl; 

end; 

j := j + 1; 

end; 



totcnt 
17.5 * totcnt 



i + 1); 



end; 



count := r timer; 
j := 1; 
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SERIES-III Pascal-86, VI . 1 



SOURCE TEXT: :F6:SMCT.PAS 

writeln( 'month restock# optimal cost per period'); 
totalcost := 0; 
for i := 1 to months do begin 
if i - j then begin 

write(i:5, V ' , tomake[i] :6 , ' r , trcutCi] : 10: 2 ) ; 

writeln( ' * restocking now' ) ; 

j := replCj]; 

lastcost := trcutCi]; 

totalcost := totalcost + lastcost; 

end 

else begin 

totalcost := totalcost + lastcost; 
writeln( i : 5 ) ; 

end ; 

end; 
i 1; 
j 0; 

totalholdcost := 0.0; 
while i <= months do begin 

totalholdcost := totalholdcost + holdcostv[i] ; 

j := j + 1; 

i := repl[i]; 

end ; 

writeln('the total hold cost is ', totalholdcost: 12 : 2 ) ; 
writeln( ' stock gets replenished ', j :4 , ' times'); 
writeln( ' replenishment cost is ' , j*setupcost: 12 : 2 ) ; 
writeln('the total cost thingy is ', totalcost ) ; 
writeln('the 10 ms count isocount); 

end . 



Summary Information: 

PROCEDURE OFFSET CODE SIZE DATA SIZE STACK SIZE 

S ILVER_MEAL 0108H 05F7H 1527D 01ACH 428D 000EH 14D 

Total 06FFH 1791D 01ACH 428D 0042H 66D 

135 Lines Read. 

0 Errors Detected. 
41% Utilization of Memory. 
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SERIES-III Pascal-86, VI. 1 

I 



Source File: : F6 : WAGCT . P AS 
Object File: : F6 : WAGCT . OB J 
Controls Specified: <none> . 

SOURCE TEXT: : F6 : WAGCT . PAS 

(* This is going to try to find the optimal replacement cost 

* for a rather variable demand product over 20 months, when 

* the demand is known, an example could be a video game, using 

* a single chip ROM programmed microcomputer with an initial set 

* up charge of $3000.00, demand varies a lot with peak in October 

* and november(for Christmas), droops in may (vacations) , etc. 

* The cost per part varies from $20.00 per part up to 500, 

* $17.50 per part from 500 to 5000, and $15.00 above 5,000. 
*) 

module wag_with; 
public timers; 

function rtimer : integer ; 

procedure stimer; 
program wag_with ( input , output ) ; 
const 

months = 20; 

month spl = 21; 

setupcost = 3000.00; (* mask set up charge *) 

holdcost =0.4; (* cost per part of maintaining inventory*) 

reallarge = 1.0e9; 

var 

require, (* number of chips required in a given month *) 

tomake: (* the number of chips to make in a month *) 

arrayCl . .months] of real; 
repl: (* first time stock goes to 0 for a given month *) 

arrayCl . .months] of integer; 
optwz: (* optimum cost for a given month with zero stock 

to start with *) 

arrayCl . .monthspl] of real; 
holdcostv: (* holding costs *) 

arrayCl . .months] of real; 
cost, (* calculated cost in a given situation *) 

costl, (* production cost *) 

cost2, (* holding cost *) 

totalcost, (* the total cost of it all *) 

totalholdcost; (* the total hold cost *) 

real; 

i,j,k: (* counters *) 

integer; 

totcnt, (* accumulated number of chips in a batch *) 

holdcnt: (* number of boxed holding *) 

real; 

count: (* 10 ms count *) 

integer; 

begin 

optwz [monthspl] := 0; 
required] := 500; 
require[2] : = 1500; 
require[3] := 2500; 
require[4] : = 2000; 
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SERIES-III Pascal-86, VI. 1 



SOURCE TEXT: : F6 : WAGCT . PAS 
require[5] := 2000; 
require[6] t- 1000; 
require[7] := 3500; 
require[8] := 2500; 
require[9] := 5000; 
require[10] := 7500; 
requireCll] := 9500; 
require[12] 10000; 
require[13] := 500; 
require[14] := 1500; 
require[15] := 2500; 
require[16] : s 2000; 
require[17] : = 2000; * 
require£l8] := 1000; 
require[19] := 3500; 

require[20] := 2500; (* stop here, because the next month is much 

higher can assume 1 will restock then *) 

stimer; 

for i := months downto 1 do begin (* i is the month working on *) 
optwz[i] := reallarge; 
totcnt := 0; 

for j := i to months do begin (* j is the option working on *) 
totcnt totcnt + requireCj]; 
costl := setupcost+optwzC j+1 ] ; 

if totcnt <== 500 then costl := costl + 20.0*totcnt 

else if totcnt <= 5000 then costl := costl + 17.5*totcnt 

else costl := costl + 15.0*totcnt; 

cost2 := 0.0; 

holdcnt := totcnt; 

for k := i to j - 1 do begi-n 

holdcnt := holdcnt - requireCk]; 

cost2 := cost2 + holdcnt * holdcost; 

end; 

cost := costl + cost2; 

if cost < optwz[i] then begin 

optwz[i] := cost; 

replCi] := j + 1; 

tomakeCi] :-- totcnt; 

holdcostvCi] := cost2; 

end; 

end; 

end ; 

count := rtimer; 
j := 1; 

writeln( 'month restock# optimal cost'); 
for i : = 1 to months do begin 

write(i:5,' ' , tomake[i] :6 , ' 1 ,optwz[i] :10:2) ; 

if i = j then begin 

writeln( ' * restocking now'); 
j := repl[j]; 

end 

else writeln; 

end ; 
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SERIES-III Pascal-86, VI . 1 



SOURCE TEXT: :F6:WAGCT.PAS 
i := 1; 
j := 0; 

totalholdcost : = 0.0; 
while i <= months do begin 

totalholdcost := totalholdcost + holdcostv[i] ; 

j :- j + 1? 

i := repl[i]; 

end; 

writeln('the total hold cost is ', totalholdcost : 12 : 2 ) ; 
writeln( 1 stock gets replenished * ,j :4, ' times'); 
writeln( ' replenishment cost is ' , j*setupcost: 12 : 2) ; 
writeln('the 10 ms count is count); 

end . 



Summary Information: 

PROCEDURE OFFSET CODE SIZE DATA SIZE STACK SIZE 

WAG__WITH 00E5H 0576H 1398D 01A8H 424D 000EH 14D 

Total 065BH 1627D 01A8H 424D 0042H 66D 

119 Lines Read. 

0 Errors Detected. 
41% Utilization of Memory. 
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FORTRAN-86 COMPILER 
:F1: COOKIE. FOR 

SERIES-III FORTRAN-86 COMPILER X023 

COMPILER INVOKE^ BY: FORT86.86 :F1 : COOKIE .FOR 



c 

c this routine will solve a linear problem using the IMSL fortran 



c library, the IMSL routine used is M zx31p" which solves the problem 

c using the revised simplex method, 
c 

1 integer ia,n,ml,m2,iw(37) ,ier 

2 real*8 a(13,4) ,b(13) ,c(4) ,rw(206) ,psol(ll) ,dsol(13) , s 

3 integer*4 rtimer, count 

4 data ,a/2 . , 1 . , 1 . ,0 . , 2 , 25 , 1 . , 0 . , 12 . , 0 . , .15, .25,0 . ,0. , 

* . 2. ,1. ,1. ,0. ,2.25,1. ,0. ,12. , .5, .15, .45,0. ,0. , 

* 4.,2.,0.,4.,1.25,0.,1.,0.,0.,.5,.25,0.,0., 

* 4.,2.,0.,4.,1.25,0.,1.,0.,.65,.5,.45,0.,0./ 

5 data b/1000 . , 600 . , 200 . , 700 . , 600 . , 150 . , 150 . , 1500 ., 125 ., 560 ., 750 . ,0. ,0./ 

6 data c/. 85, .95,1.10,1.25/ 

c 

c n is the number of variables, 

c ml is the number of inequality constraints 

c m2 is the number of equality constraints 

c ia is the declared number of columns of a 

c 

7 ml = 11 

8 m2 = 0 

9 n = 4 

10 ia = 13 

11 print *,'the input tableau:' 

12 do 100 i=l,ia-2 

13 write(6,800)a(i,l) ,a(i,2) ,a(i,3) ,a(i,4) ,b(i) 

14 800 format(4fl0.4, ' <= ',fl0.4) 

15 100 continue 

16 call stimer 

17 call zx31p(a,ia,b,c,n,ml,m2,s,psol,dsol,rw,iw,ier) 

18 count = rtimer () ' 

19 priint * , ' ier = ' , ier 

20 print *,'the final value of the objective function(prof it i ) is:',s 

21 print *, 'batches of chocolate chip w/o walnuts: ' ,psol(l) 

22 print *, 'batches of chocolate chip with walnuts :' ,psol ( 2 ) 

23 print *,'batches of brownies without walnuts :' ,psol ( 3 ) 

24 print *, 'batches of brownies with walnuts: ' ,psol( 4) 

25 print *,'the dual solutions follow:' 

26 do 200 i=l,ia-2 

27 print *,'var',i,' = ' ,dsol(i) 

28 200 continue 

29 print *,'the calculation time here (in seconds...) is: ', count/ 100. 

30 stop 

31 end 
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INTRODUCTION 

As the performance of microcomputers has improved, 
these machines have been used in many applications. 
With the introduction of 16-bit microprocessors (along 
with the associated CPU enhancements, especially the 
integer multiply instruction) the operations required to 
manipulate graphic representations of three- 
dimensional objects were made easier. Only integer 
values could be used to define figures, however, because 
only integer multiplies were supported in hardware. 
While software floating point routines existed, the speed 
at which a general purpose microprocessor could ex- 
ecute even the simplest floating point operation preclud- 
ed the use of these routines because of the number of 
floating point operations which must be performed to 
manipulate all but the simplest of objects. 

The lack of high performance floating point math or the 
restriction of using only integer representations severely 
limits the types and sizes of objects that can be defined. 
Imagine limiting everything in the universe to be less 
than 32,000 millimeters long, high, or wide! This limita- 
tion could severely impact any system that is used to 
model real world objects. An example of such an ap- 
plication is a Computer Aided Design (CAD) system. If 
real or floating point numbers are used, however, prac- 
tically any object can be defined (after all, there are only 
9,397,728,000,000,000,000 millimeters in a light year(!), 
well within the range of floating point numbers). With 
the introduction of the iAPX 86/20, the performance 
required to execute the requisite operations on floating 
point representations of three-dimensional figures has 
finally been achieved in a microprocessor solution, at a 
microprocessor price. 

The iAPX 86/20 features the Intel 8086 with the 8087 
numerics co -processor. This combination allows for 
high performance, high precision numeric operations. 
This performance is especially important in the graphics 
routines implemented in this note because of the large 
number of floating point operations performed for each 
line drawn. In addition, the precision is required to 
maintain the image quality of the represented figures. 

This application note shows the fundamental com- 
ponents of a three-dimensional graphics package. As 
, stated before, if the objects are to be described in real 
size, floating point values must be used. Since the opera- 
tions performed require many multiplies and divides, a 
high performance floating point arithmetic unit is a 
must. Note that the operations to be performed by this 
software are not those of a "bit map" controller: single 
chip devices performing this specialized task are or will 
soon be available. Because they are special-purpose 
devices, they can also execute this task quickly, 
offloading the task from the general purpose 



microprocessor allowing the processor to perform other 
work in parallel. In addition, since the size of the 
memory used in a bit-mapped controller is constrained 
(one could hardly have unlimited memory for the 
refresh map), only integer math is required. This 
graphics package is a much higher level type of routine, 
where the inputs are three-dimensional line drawing 
commands (which could be fed into a bit map con- 
troller). 

The three-dimensional graphics package implemented 
in this note allows for the entry of three-dimensional 
figures, the manipulation of these figures, the setting of 
the viewer's location, the size of the picture to be seen, 
and the position of the picture on the graphics output 
device. Along the way, it performs perspective transfor- 
mations, window clipping and projection. All figures 
are defined using floating point numbers. Thus, any 
figure may be defined "real size" without pre-scaling. 
This means that the size of the figure defined within the 
package may be the actual size of the object, i.e. the size 
of the object is not arbitrarily limited by the machine, 
whether the object be a sub-nuclear particle, or a 
cellestial body. 

iAPX 86/20 HARDWARE OVERVIEW 

The iAPX 86/20 is a 16-bit microprocessor based on the 
Intel 8086 CPU. The 8086 CPU features eight internal 
general purpose 16-bit registers, memory segmentation, 
and many other features allowing for compact, efficient 
code generation from high-level language compilers. 
When augmented with the 8087, it becomes a vehicle for 
high-speed numerics processing. The 8087 adds eight 
80-bit internal floating point registers, and a floating 
point arithmetic logic unit (ALU) which can speed 
floating point operations by up to 100 times over other 
software floating point simulators or emulators. 

The 8086 and 8087 execute a single instruction stream. 
The 8087 monitors this stream for numeric instructions. 
When a numeric instruction is decoded, the 8086 
generates any needed memory addresses for the 8087. 
The $087 then begins, instruction execution automatical- 
ly. No other software interface is required, unlike other 
floating point processors currently available where, for 
example, the main processor must explicitly write the 
floating point numbers and commands into the floating 
point unit. The 8086 then continues to execute non- 
numeric instructions until another 8087 instruction is 
encountered, whereupon it must wait for the 8087 to 
complete the previous numeric instruction. The parallel 
8086 and 8087 processing is known as concurrency. 
Under ideal conditions, it effectively doubles the 
throughput of the processor. However, even when a 
steady stream of numeric insructions is being executed 
(meaning there is no concurrency), the numeric perfor- 
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mance of the 8087 ALJJ is much greater than that of the 
8086 alone. 

The hardware interface between the 8086 and the 8087 is 
equally simple. Hardware handshaking is performed 
through two sets of pins. The RQ/GT pin is used when 
the 8087 needs to transfer operands, status, or control 
information to or from memory. Because the 8087 can 
access memory independently of the 8086, it must be 
able to become the "bus master," that is, the processor 
with read and write control of all the address, data and 
status lines. 

The TEST/BUSY pin is used to manage the concurren- 
cy mentioned above. Whenever the 8087 is executing an 
instruction, it sets the BUSY pin high. A single 8086 in- 
struction (the WAIT instruction) tests the state of this 
pin. If this pin is high, the WAIT instruction will cause 
the 8086 to wait until the pin is returned low. Therefore, 
to insure that the 8086 does not attempt to fetch a 
numeric instruction while the 8087 is still working on a 
previous numeric instruction, the WAIT instruction 
needs to precede most numeric instructions (the only 
class of instructions which do not need to be preceded 
by a WAIT instruction are those which access the con- 
trol registers of the 8087). The 8086/87/88 assembler, 
in addition to all INTEL compilers, automatically in- 
serts this WAIT instruction before most numeric in- 
structions. Software polling can be used to determine 
the state of the BUSY pin if the hardware handshaking 



is not desired. 

Most other lines (address, status, etc.) are connected 
directly in parallel between the 8086 and the 8087. An 
exception to this is the 8087 interrupt pin. This signal 
must be routed to an external interrupt controller. An 
example iAPX 86/20 system is shown in Figure 1. A 
more complete discussion of both the handshaking pro- 
tocol between the 8086 and the 8087 and the internal 
operation of the 8087 can be found in the application 
note Getting Started With the Numeric Data Processor, 
Ap Note #113 by Bill Rash, or by consulting the 
numerics section of the July 1981 iAPX 86, 88 Users 
Manual. 

In addition to the 8087 hardware, the 8086 is also sup- 
ported by Intel compilers for both Pascal and FOR- 
TRAN. Code generated by these compilers can easily be 
combined with code generated from the other compiler, 
from the Intel 8086/87/88 macro assembler, or the In- 
tel PL/M compiler. In addition, these compilers pro- 
duce in-line code for the 8087 when numeric operations 
are required. By producing in-line code rather than calls 
to floating point routines, the software overhead of an 
unnecessary procedure call and return is eliminated. 

The combination of both hardware co -processors and 
software support for the iAPX 86/20 provides for 
greater performance of the end product, and a quicker, 
easier development effort. 
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Figure 1 . Example 86/20 System 
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THREE-DIMENSIONAL GRAPHICS 
FUNDAMENTALS 

The charter in life of a three-dimensional graphics 
package is to take a three-dimensional rendering of an 
object and to transform it such that it can be accurately 
represented on the two-dimensional surface of a 
graphics output device. To fulfill these requirements, 
the graphics package must: 

• Allow for the entry of three-dimensional data. 

Since all figures inside the package are represented 
as a series of points in three-dimensional space, 
there must be a way of entering these figures into 
the computer. 

• Perform the current transformation. This 
transformation rotates, translates and scales the 
three-dimensional object throughout three- 
dimensional space. Example rotates, translates 
and scales are shown in Figures 2-11. In all 
diagrams, the first coordinate indicated is X, the 
second Y, the third Z. The viewpoint is the loca- 
tion of the viewer in three-dimensional space in 
relationship to an arbitrarily chosen but consistent 
origin. 

Translations are movements of the object in three- 
dimensional space. Example translations are 
shown in Figures 3-5. Figure 3 shows a translation 
of two units in the plus Z direction. Since the view- 
point is ten units up along the Z axis, this moves 
the cube one-fifth the distance toward the viewer, 
or in other words, the cube seems to get larger. 
Figure 4 shows the same cube translated two units 
in the plus X direction. Since the cube is four units 
on a side, this moves the cube such that the viewer 
is looking straight down one side of the cube. The 
viewer is also looking straight down a side in 
Figure 5. 

Rotations are movements of the object in three- 
dimensional space about the three- coordinate 
axis: X, Y, and Z. The rotation of the object must 
specify both the magnitude of the rotation, and 
the axis about which the rotation must take place. 
Example rotates are shown in Figures 6-8. Figure 
6 shows the cube rotated 45 degrees about the Z 
; axis. Since the viewpoint is straight up the Z axis, 
the cube is seen to keep its same face towards the 
viewer. Figure 7 shows the cube rotated 45 degrees 
about the X axis. Here, the cube no longer shows 
the same face it has previously. The face previous- 
ly turned directly toward the viewer has been 
rotated such that the edge between this face and 
another face is immediately before the viewer. The 
same is also shown in the rotation about the Y axis 
in Figure 8. 



Scaling is the multiplication of all coordinates of 
the points defining a figure by a constant number 
such that the object becomes larger or smaller. Ex- 
ample scales are shown in Figures 9-11. This scal- 
ing need not be uniformly performed for all 
dimensions of an object. If, for example, the Z 
coordinates of a cube are all scaled to be twice as 
large as they originally were, the image shown in 
Figure 9 would be produced. Notice here that the 
X and Y coordinates have not been altered; only 
the Z coordinates are twice as large as they 
originally were, or alternatively, the front and 
back of the cube are closer and farther away from 
the viewer than in the original, unaltered cube. 
Figure 10 shows this same operation being per- 
formed on the X coordinates, while Figure 11 
shows this operation being performed on Y co- 
ordinates. 



Figure 2. 2x2x2 Cube Centered at (0,0,0) 
Viewed from (0,0,10) 




Figure 3. Same Cube and Viewpoint, + 2 Z 
Translation 
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Figure 4. Same Cube, Viewpoint, + 2 X Translate Figure 5. Same Cube, Viewpoint, +2Y Translate 




Figure 6. Same Cube, Viewpoint, 45 Degree 
Rotation About Z 



Figure 7. Same Cube, Viewpoint, 45 Degree 
Rotation About X 
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Figure 8. Same Cube, Viewpoint, 45 degree 
Rotation About Y 









\ 



Figure 9. Same Cube, Viewpont 2 x Scale of Z 





Figure 10. Same Cube, Viewpoint, 2 x Scale of X Figure 11. Same Cube, Viewpoint, 2 x Scale of Y 
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Figure 12. 2x2x2 Cube Centered at (0,0,0) Viewed from (0,0,10) Then from (10,10,0) 



Perform the viewing transformation. This 
transformation moves and rotates the three 
dimensional figure according to the viewer's loca- 
tion and orientation (the direction the viewer is 
facing) in space. An example of changing the view 
location is shown in Figure 12. Again, this loca- 
tion, or viewpoint, is the viewer's location with 
relation to an arbitrarily chosen origin. 

Perform Z-clipping on the three-dimensional 
data. This insures that only data in front of the 
viewer are displayed. In addition, it allows that 
objects beyond a certain distance from the viewer 
will not be displayed. 

Project the three-dimensional data onto a two 
dimensional surface. The objects must be pro- 
jected onto a two-dimensional surface according 
to the laws of perspective. By changing the 
"vanishing point,' * interesting effects are also 
possible. An example of this is shown in Figure 13. 
Here, the first figure shows exaggerated perspec- 
tive (that is, the difference in perceived size be- 
tween the front face and the back face of the cube 
is exaggerated), where the second figure shows the 
object with subdued perspective (the difference in 
the perceived sizes of the front and back faces is 
much less than in the first figure). Exaggerated 
perspective is generated for objects close to the 
viewer, while subdued perspective is generated for 
objects distant from the viewer. Note that the 
same figure, with the same dimensions, is shown 
in both figures; only the perspective values have 
been changed. 



• Perform X-Y clipping on the projected data. This 
cuts off lines in the projected data extending 
beyond the specified "window." 

• Perform the window to viewport transformation. 

This takes the two-dimensional projected values 
and scales them according to the relative sizes of 
the "window" and the "viewport." 

The "window" describes the size of the viewer's portal 
into the data, whereas the "viewport" describes the size 
and position of this portal on the graphics output 
device. Whereas the window's size is determined by the 
size of the input data, the viewport size is determined by 
the physical characteristics of the graphics display 
device. For example, the viewport coordinates of a cer- 
tain CRT display may be constrained to be between 0 
and 1023 in both the X and Y dimensions, whereas the 
window limits are determined only by the maximum size 
of numbers the computer can store. Thus, for maximum 
generality and utility, floating point numbers must be 
used to represent the three-dimensional figures. 

A good reference to the techniques used in this three- 
dimensional graphics implementation can be found in 
Newman and Sproull K 



Newman, William M. and Robert F. Sproull, Principles of 
Interactive Computer Graphics, McGraw-Hill Book Com- 
pany, New York, 1979. 
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Figure 13. Example Cube Shown with Exaggerated Perspective, then with Subdued Perspective 



IMPLEMENTATION 

Three-dimensional graphics systems can be split into 
three functional modules: the input hardware, the pro- 
cessing hardware, and the output hardware. The 
graphics software is executed by the processing hard- 
ware and is used to receive figure definitions from the 
input hardware, store them in one form or another, and 
manipulate them such that they can be displayed on the 
output hardware. 

Input hardware can range from the common typewriter 
keyboard to sophisticated three-dimensional input 
devices. Output hardware can range from a plotter to a 
storage tube terminal to a bit-mapped raster scan 
display or a vector drawing *CRT. 

The processing hardware can range from general pur- 
pose minicomputers to very fast, specialized graphics 
processing hardware. General purpose computers are 
used because they allow applications programs to be 
written in higher level languages. Specialized hardware 
is sometimes employed when very fast manipulations 
are required, such as in the real time graphics applica- 
tions found in flight simulators. This specialized hard- 
ware can be used to perform whole matrix transforma- 
tions. Many applications do not require figures to be 
drawn real time (on the order of one complete picture 
every 1/30 sec), however, and can be satisfied by the 
performance of the general purpose computer alone. A 
typical application which is satisfied by these latter re- 



quirements is a Computer Aided Design (CAD) system. 
However, since these graphics systems often exist in an 
interactive environment, picture processing delays 
greater than a few seconds for simple figures, or greater 
than a few minutes for very complex figures cannot be 
tolerated. Because of these processing requirements, a 
mini-computer with a hardware floating point unit has 
been required to drive these graphics systems. However, 
with the introduction of the 8087, the floating point 
processing performance required by these systems can 
finally be met in a microcomputer solution. 

The microcomputer system used in this three- 
dimensional graphics application is a general purpose 
microcomputer embodied in the iAPX 86/12 board 
found in an Intel Intellec® Series III development 
system. All routines implemented in this application 
note were written entirely in FORTRAN using the Intel 
FORTRAN 86 compiler. Any iAPX 86/20 (or iAPX 
88/20) with enough memory can be used to execute the 
programs, however. The amount of memory required 
depends on the number and complexity of the figures to 
be displayed. The source code for all routines used in 
this note are given in the appendix. 
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SERIES III DEVELOPMENT 
SYSTEM WITH iSBC® 86/12 
BOARD & ISBC 337 MULTIMODULE 



HP 7225A PLOTTER 




600 baud serial 
line 



337 

multimodule 




Keyboard 



86/12 board 



Figure 14. Computer System Used in This Graphics Implementation 



The graphics output device used was a HP 7225A flat 
bed plotter. Communications were performed using the 
RS232 serial link on the 86/12 board. The communica- 
tions speed of the line to the plotter was 600 baud. 
Because of the number of lines drawn in the more com- 
plex figures, the physical characteristics of the plotter, 
and the communications line speed, the amount of time 
required to draw a large picture was a function of the 
plotter speed, not the execution speed of the iAPX 
86/20. As a result, all times quoted in this note do not 
reflect the plotting time. Only the time up to placing the 
ASCII character into the buffer of a serial communica- 
tions chip is included for all machines quoted. Higher 
speed graphics display devices (which are not limited by 
the physical characteristics of plotters) can use the speed 
of the iAPX 86/20 to full advantage. 

The graphics input device used was the standard 
alphanumeric keyboard attached to the development 
system. This allows entry of figures, as well as control 
of the graphics system. Input can also be fetched from 
disk storage, however, to allow for greater speed in 
defining large figures. A block diagram of the hardware 
system used in this implementation is shown in Figure 
14. 

All routines were run using both the 8087 and the 8087 
software emulator. The 8087 software emulator is a 
software package exactly emulating the internal opera- 
tion of the 8087 using 8086 instructions. When the 
emulator is used, an 8087 is not required. The emulator 
is a software product available from Intel as part of the 
8087 support library. The performance of the 8087 
hardware is much better than that of the software 
emulator, as one would expect from a specialized hard- 
ware floating point unit. 

The 8087 supports various data formats. For real 
numbers, these formats are short real (or single preci- 
sion), long real (or double precision), and temporary 
real (or extended precision). The differences among the 



three are in the number of bits allocated to represent a 
given floating point number J 

In all real numbers, the data is split into three fields: the 
sign bit, the exponent field and the mantissa field. The 
sign bit shows whether the number is positive or 
negative. The exponent and mantissa together provide 
the value of the number: the exponent providing the 
power of two of the number, and the mantissa pro- 
viding the "normalized" value of the number. 

A ' 'normalized* * number is one that always lies within a 
certain range. By dividing a number by a certain power 
of two, most numbers can be made to lie between the 
numbers 1 and 2. The power of two by which the 
number must be divided to fit within this range is the ex- 
ponent of the number, and the result of this division is 
the mantissa. This type of operation will not work on all 
numbers (for example, no matter what one divides zero 
by, the result is always zero), so the number system must 
allow for these certain "special cases." 

As the size of the exponent grows, the range of numbers 
representable also grows, that is, larger and smaller 
numbers may be represented. As the size of the mantissa 
grows, the resolution of the points within this range 
grows. This means the distance between any two adja- 
cent numbers decreases, or, to put it another way, finer 
detail may be represented. Short real numbers provide 8 
exponent bits and 23 significand or mantissa bits. Long 
real numbers provide 11 exponent bits aad 52 signifi- 
cand bits. Temporary real numbers provide 15 exponent 
bits and 64 significand bits. These data formats are 
shown in Figure 15. Thus, of the three data formats im- 
plemented, short real provides the least amount of 
precision, while temporary real provides the greatest 
amount of precision. These levels of precision represent 
only the external mode of storage for the numbers; in- 
side the 8087 all numbers are represented to temporary 
real precision. Numbers are automatically converted in- 
to the temporary real precision when they are loaded in- 
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NOTES: 

S ■ SIQN BIT (0 = POSITIVE, 1 = NEGATIVE) 
A = POSITION OF IMPLICIT BINARY POINT 

I = INTEGER BIT OF SIGNIFICAND; STORED IN TEMPORARY REAL, 

IMPLICIT IN SHORT AND LONG REAL 
EXPONENT BIAS (NORMALIZED VALUES): 

SHORT REAL: 127 (7FH) 

LONG REAL: 1023 (3FFH) 

TEMPORARY REAL: 16383 (3FFFH) 



Figure 15. Floating Point Data Formats 



to the 8087. In addition to real format numbers* the 
8087 automatically converts to and from external 
variables stored as 16, 32 or 64-bit integers, or 80-bit 
binary coded decimal (BCD) numbers. 

Memory requirements also increase as precision in- 
creases. Whereas a short real number requires only four 
bytes of storage (32 bits), a long real number requires 
eight bytes (64 bits) and a temporary real number ten 
bytes (80 bits). In many floating point processors, pro- 
cessing time also increases dramatically as precision is 
increased, making this another consideration in the 
choice of precision to be used by a routine. The dif- 
ferences in 8087 processing time among short real, long 
real and temporary real numbers are insignificant com- 
pared to the processing time, however, since all opera- 
tions are performed to the internal 80-bit precision. This 
makes the choice of which precision to use in an iAPX 
86/20 system a function only of memory limitations 
and precision requirements. 

Double precision numbers were chosen for this graphics 
implementation because they allow a very wide range of 
numbers to be represented with high precision. This is 
important, since the package allows the user to magnify 
small parts of defined figures. Without the precision 
gained by using double precision numbers, the image of 
the object could easily be distorted under such scrutiny. 



Three-Dimensional Figure Description 
and User Interface 

The graphics user interface implemented in this note is 
both functional and simple. It does not require the use 
of specialized three-dimensional input hardware. All in- 
put data is keyed in through the keyboard. 

The package allows for definition of figures for future 
use within the graphics package. This feature could be 
useful in generating multiple views of a certain object. It 
requires that the object be "defined" at the beginning 
of the session, but then allows the user to view the ob- 
ject from any location, with any rotation, scale, or 
translation. 

Commands to the graphics package consist of a set of 
alphanumeric commands followed by the necessary 
numeric constants. To enter commands to the graphics 
package, one enters an alphanumeric command en- 
closed within the single quotes followed by the ap- 
propriate numeric arguments. The maximum number of 
arguments required by any command is six. If less than 
six arguments are entered on a line, the line must be ter- 
minated by the V character, however. These re- 
quirements (having the command enclosed within single 
quotes, explicitly terminating the line) are a result of us- 
ing the list-directed input format of FORTRAN. 
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The commands recognized by the graphics processor 
are: 

comment argl. This command instructs the 
graphics processor to ignore the next argl lines. 
This can be used to insert comments within the 
graphics commands. 

define argl. This command instructs the graphics 
processor that the next N lines (up to the enddef 
command) are to be entered into an internal buf- 
fer for future reference as figure argl. The 
graphics commands are not interpreted, i.e. they 
do not cause figures to be drawn as they are 
entered. In this way, three-dimensional objects 
may be defined, or to put it another way, placed 
into an internal display list. Up to ten objects may 
be defined using the current version of the pro- 
gram. This may be increased to the limits of 
available memory. Currently there is internal 
storage space for up to 500 total graphics com- 
mands. These may be spread in any combination 
among the ten figures. This number may also be 
modified to reflect memory restrictions. 

enddef. This command terminates a figure defini- 
tion, and returns control back to the main 
graphics processor. 

call argl. This command causes the graphics pro- 
cessor to fetch graphics commands from the inter- 
nal buffer of the previously defined figure number 
argl. 

line argl arg2 argS arg4 argS arg6. This command 
causes a line to be drawn in three-dimensional 
space from the point argl, argl, argS to the point 
arg4, arg5, arg6. The current object rotation, ob- 
ject scale, object translation, viewer location, win- 
dow, and viewport are used. 

plot argl argl argS arg4. This command causes a 
line to be drawn from the endpoint of the last line 
plotted to the point argl, argl, argS using the 
"pencode" arg4. The current pencodes supported 
are *2* (indicating that a solid, line is to be drawn), 
and '3' (indicating that no line is to be drawn; this 
is used only to change the location of the plot 
head). Additional pencodes could be implemented 
allowing for dashed lines, dotted lines, etc. 

ident. This command causes the "current" matrix 
to be set to the identify matrix. This causes all 
rotates to be set to zero, all translates to be set to 
the origin, and all scales to be set to one. 

push. This command causes the current matrix to 
be pushed onto a 10 location matrix stack. The 
current matrix is not altered. 



pop. This command causes the matrix stack to be 
popped into the current matrix. 

rotate argl argl arg3. This command causes the 
viewers perception of the three-dimensional 
figure to be rotated around the X, Y, and Z axis 
by argl, argl and arg3. The angles are in degrees. 
The definition of an object is not altered. 

translate argl argl arg3. This command causes the 
viewer's perception of the three-dimensional 
figure to be translated in the X, Y, and Z direc- 
tions by argl, argl and arg3. Again, the definition 
of an object is not altered. 

scale argl argl arg3. This command causes the 
viewer's perception of the three-dimensional 
figure to be scaled in the X, Y and Z directions by 
argl, argl, and arg3. 

window argl argl. This command sets up the win- 
dow parameters. These parameters determine the 
visible side to side portion of the projected images. 
This amounts to placing an infinitely tall pyramid 
within three-dimensional space with the viewing 
location located at its apex (looking down). All 
objects within this pyramid will be visible; all ob- 
jects outside this pyramid will not be visible. 

viewport argl argl arg3 arg4. This command sets 
up the viewport parameters. These parameters 
determine the size and location of the above win- 
dow on the plotter surface. The center of the area 
on the plotter surface is given by argl, argl with 
the X and Y half sizes given by arg3, arg4. The 
plotter is assumed to have an X dimension be- 
tween 0 and 12, and a Y dimension between 0 and 
10. The translation to the dimensions the plotter 
recognizes is done in a lower level plotter interface 
routine. By performing this task in a lower level of 
software, the package is made more general. 

viewpoint argl argl arg3 arg4 arg5 arg6. This 
command sets up the "viewing", transformation. 
argl, argl, arg3 represent the location of the 
viewer in three-dimensional space, while arg4, 
argS, qrg6 represent the "lookat" location in 
three-dimensional space. Together they form a 
vector pointing to the area to be viewed whose 
length determines the perspective variables (only 
single point perspective is currently implemented). 
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zclip argl arg2. This command sets up the 
"Z-clipping" parameters. These determine the 
visible distance in front of the viewer. Argl 
specifies the near boundary of the viewing area 
while arg2 specifies the far boundary of the area. 
Together with the window command, it defines a 
solid delimiting the visible objects from the not- 
visible objects. 

cube argl argl argS arg4 arg5 arg6. This com- 
mand draws a cube centered at argl, arg2, arg3 
with half-widths of arg4, argS and arg6. 

arrow. This command draws an arrow from 
(0,0,0) to (1,0,0). 

pyramid argl arg2 arg3 arg4 argS arg6. This com- 
mand draws a four-sided pyramid whose base is 
centered at argl, arg2, arg3 and whose half-widths 
are arg4, arg5 t arg6. The X half-width arg4 is used 
as the height of the pyramid. 

current. This command prints the current matrix 
on the terminal. 

printdef. This command prints the definition of 
the given figure. 

startt. This command starts the 10 ms timer on the 
iSBC 86/12 board. 

readt. This command stops the 10 ms timer on the 
iSBC 86/12 board and prints the 10 ms count on 
the terminal. 

end. This command stops execution of the 
graphics package, prints the total numbers of 
points plotted and "success!!!" on the terminal, 
and returns control back to ISIS. 

Internal Operation of the Package 

All internal operations are performed using 1 by 4 or 4 
by 4 double precision real matrices. Points are defined 
in 1 by 4 double precision vectors where the first three 
coordinates are used to hold the X, Y and Z location of 
the point. The fourth location is always set to one, and 
is used when the point is projected onto a two- 
dimensional plane. In most cases, the routine perform- 
ing the task outlined is named the same thing as the 
name of the task outlined (within the six-character limit 
imposed by FORTRAN). The order the routines are 
described is roughly the order a line would encounter 
them on its way from existing as a three-dimensional en- 
tity inside the machine to a line drawn on the bed of a 
plotter. All routine names are set in boldface. 



THE CURRENT TRANSFORMATION 

If each object were to be modified whenever a translate, 
rotate, or scale were to be performed, performance of 
the package could be quite slow. In addition, the 
original definition of the figure would be lost (although 
not irreversibly). If there were a method of performing 
these three operations at a single time, allowing the 
original definition of an object to remain unaltered, 
both the performance and ease of use of the graphics 
package would be enhanced. 

One way in which these operations can be combined is 
by using what is called the "current" matrix. The cur- 
rent matrix is a 4 by 4 double precision real matrix. It 
numerically represents any combination of rotates, 
translates and scales in any order. The matrix is 
multiplied by each 1 by 4 point definition vector on its 
way to being plotted. The result of this multiplication is 
a point that has been rotated, scaled, and translated the 
proper amount. If this matrix is the identity matrix, the 
point will pass through unaltered. Thus, the identity 
matrix represents no scaling', translating, and rotating. 
This multiplication is performed in the routine pline 
lines 20 and 21. 

When a rotate, scale, or translate command is inter- 
preted, the current matrix is multiplied by another 4 by 
4 matrix representing only this transformation. Since 
matrix multiplication is not commutative, the order 
these operations are performed in is preserved. This is 
important, because, for example, a rotate before a 
translate is not the same as a rotate after a translate 
because all rotations are performed pivoting around the 
origin (see Figure 16). Initially, the current matrix is set 
to the identity matrix. The first operation is performed 
relative to state of the current matrix immediately 
preceding the operation. 

Parameters are set up into the current matrix through 
the rotate, scale, translate, ident, push, and pop opera- 
tions. Each name describes the function of the opera- 
tion performed. The routines performing these tasks (in 
order) are: rotate, scale, transl, ident, push, and pop. 
Ident is included to allow all rotates and translates to be 
set to zero and all scales to be set to one. The push and 
pop operations are included in order that figures may 
save the state of the current matrix, while subsequently 
performing operations altering it. This is important 
when a large figure is defined as a set of parts, each of 
which may merely be rotations, etc., of a simpler list of 
parts. 
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THE VIEWING TRANSFORMATION 

Before an object can be plotted, the viewpoint of the 
viewer must be known. This information provides the 
location of the viewer in three-dimensional space, and 
the direction the viewer is pointing. It is incorporated in- 
to the 4 by 4 "view" matrix. It is another rotation per- 
formed on the object in order that it is viewed from the 
proper viewing angle. All points are passed through the 
view matrix after they are passed through the current 
matrix. What comes out of these two transformations is 
a set of points located in the proper relative positions in 
three-dimensional space when the figure is rotated, 
translated, and scaled by the operations performed on 
the current matrix, and is also rotated properly by the 
operations set in the view matrix. 

The view matrix is set up by the viewpoint command. 
This command will place in the view matrix the proper 
rotations in order that the image of the object will be 
correct. The routine performing this task is the viewpn 
routine. 

Z-CLIPPING 

All points passed through the current and view matrices 
are located at their proper locations in three- 
dimensional space. However, only a portion of this 
space is visible to the viewer. Specifically, objects 
behind the viewer will not be visible. Every point of an 
object has been mapped to the viewer's space, however, 
including those behind the viewer. These * 'invisible* ' 
points are removed by an operation called 



"Z-clipping." Simply, it examines the Z parameter of 
every point being considered and determines if it is in 
front of the viewer. In addition, one may not wish to 
display lines a great distance from the viewer. These 
lines may be removed by a similar process. The only 
complication of clipping is the action performed if only 
part of the line is visible. In this instance, the point 
where the line leaves the visible area must be calculated. 
The method used to calculate this point in this im- 
plementation is the method of "like triangles.' ' 

The Z-clipping parameters are set through the com- 
mand zclip in the routine zclip. The arguments to this 
command are used to determine the visible distance in 
front of the viewer. The first argument sets the 
minimum distance in front of the viewer before any line 
will be visible. Legal values for this parameter are 
anything greater than zero. The second argument sets 
the far distance beyond which no lines will be visible. 
Any value larger than the first argument may be used 
for this parameter. The clipping itself is performed in 
the routine zclipp. 
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PROJECTION 

Projection maps the three-dimensional points previous- 
ly encountered and projects them onto a two- 
dimensional plane. Only single-point perspective is cur- 
rently supported in the package. Here, the projection is 
performed by using the Z parameter to modify the X 
and Y parameters. As the points get more distant, their 
deviation from the center of the picture should get 
smaller, if the X and Y parameters remain constant. 
Most people are aware of this effect. For example, if 
you look down a set of railroad tracks, the rails seem to 
converge, even though the distance between the rails is 
constant (see Figure 17). Two or three-point perspective 
would be easy to implement; all one must do is generate 
the projected X and Y parameters by using the non- 
projected X and Y parameters in addition to using the Z 
parameter. 

This projection is performed in the graphics package by 
multiplying the 1 by 4 point location vector by a 4 by 4 
"projection" matrix. This matrix is simply the identity 
matrix except the perspective value is placed in location 
(3,4) of the matrix. 




Figure 17. Two Rails, Vanishing into the Distance 

This value is calculated from the viewpoint parameters. 
After the matrix multiply, the only element modified in 
the 1 by 4 point definition vector is the last one (the one 
which is supposed to have the value of one). After the 
multiplication, this location will contain the number 
representing the modification which must be performed 
on the X and Y parameters of the vector to exhibit the 
projection. When this vector is "normalized," the point 
will have been projected using the rules of single-point 



perspective. This normalization is performed by 
dividing every element in the vector by the last element 
of the vector. Thus, the Z element of the original vector 
has modified the X and Y elements. If two or three- 
point perspective is desired, one must only place 
perspective values in locations (1 ,4) and (2,4) of the pro- 
jection matrix; all subsequent processing will be iden- 
tical. The routines performing these operations are: 
viewpn (sets up vanishing point for perspective), projct 
(sets up the projection matrix, and performs the 
perspective multiplication), and norm (normalizes the 
vector). 

X-Y CLIPPING 

Once the data is projected onto a two-dimensional 
plane, X-Y clipping must be performed. This operation 
could also be performed on the three-dimensional data, 
but by deferring it until after the data have been pro- 
jected, the calculations required are simpler. This is not 
true for Z-clipping, since once the, data are projected 
onto a plane, the Z parameter is no longer in its original 
form. 

X-Y clipping is performed by comparing X and Y 
parameters with the window values set up by the win- 
dow command. This comparison is a bit more com- 
plicated than the comparison required by Z clipping, 
however, as two clipping parameters are involved. 
There are nine possible regions in which each endpoint 
of a line may reside. For example, some of these regions 
are: within the X and Y window regions, less than the X 
window region but within the Y region, less than the X 
region and less than the Y region, etc. If one or both of 
the endpoints of the line are within the visible region, 
then at least part of the line will be visible. Also, even if 
neither of the endpoints of the line is in the visible 
region, part of the line may still be visible. One must 
therefore determine whether any part of this line would 
be visible. A simple way of performing the task is to 
assign a bit of a word for each of less than and greater 
than the X and Y window limits. This requires four bits. 
The value of the X and Y parameters are then each com- 
pared with the window limits. If the value exceeds the 
limit of the window, the corresponding bit of this point 
descriptor is set. After this "code" has been determined 
for both of the points, the codes for two endpoints are 
bit-wise ANDed together (an extension to FORTRAN . 
77 available in FORTRAN 86 allows this operation). If 
the result of this ANDing is zero, then part of the line 
would be visible. If, however, it is not zero, then the en- 
tire line lies outside the visible area. If only part of the 
line is visible, then the point where it leaves the visible 
area must be calculated. The point where the line leaves 
the viewing area is calculated using the same "like 
triangle" method used when Z-clipping is performed. 
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The routines performing these operations are wtoyp 
(calls the xyclip routine with the proper parameters), 
xyclip (performs the actual clipping), code (returns the 
binary code for the point position in relation to the win- 
dow), and ppush (calculates the point at which line 
leaves the visible area). 

WINDOW TO VIEWPORT TRANSFORMATION 

Finally, after the points have been processed through all 
of the above, comes their day of glory. Because the lines 
have been clipped, they are constrained to be within the 
given window. Remember, however, that the values for 
this window are in "real world" units. These sizes could 
be measured in inches or miles. These are not generally 
suitable for plotting on a graphics output device. In 
order for the "window" to be displayed on the graphics 
output device, one more transformation must be per- 
formed: the window to viewport transformation. A 
viewport represents a physical location and size on the 
graphics output device. The viewport command sets up 
the appropriate parameters for this transformation. It 
requires four arguments, which allow the viewport to be 
moved around the graphics display surface, and allow 
the size of the viewport to be set. Notice that the 
viewport and the window are not constrained to the 
same aspect ratios, that is, the ratios between the ver- 
tical sizes and the horizontal sizes of the window and 
viewport need not be the same. If these ratios are not the 
same, the figures will be distorted. Performing this 
transformation is simply a matter of scaling the win- 
dowed values to fill the viewport. The code performing 
this transformation is contained within the wtovp 
routine. 

PLOTTER INTERFACE 

This graphics package was written to interface to a 
Hewlett-Packard 7225 A flat bed plotter. Communica- 
tions were performed through an RS232 serial link at 
600 baud. Physically, this is done using the 8251 serial 
controller on the iSBC® 86/12 board inside the Intellec® 
Series III. the plotter has a smart interface. The com- 
mands it accepts are in ASCII, and are on the level of 
"lower the pen," and "draw a line from the current pen 
position to another pen position." The routines per- 
forming these operations are plot (determines the 
characters needing to be sent to the plotter), ponum 
(converts a floating point number to an ASCII represen- 
tation of the integer value of the truncated floating 
point number), putout (handles the interface to the 8251 
serial controller chip) and plots (initializes the baud rate 
generator and 8251 serial controller chip on the iSBC® 
86/12 board). 



PERFORMANCE MEASUREMENTS 

The above routines were compiled using the Intel FOR- 
TRAN 86 compiler and exeucted on an Intellec® Series 
III development system. The 8086 hardware consists of 
an Intel iSBC® 86/12 board with the 8087 in the 
iSBC® 337 card. The iAPX 86/20 (the 8086 with the 
8087) operate with a clock frequency of 5 MHz. The on 
board memory (64K DRAM) inserts between one and 
three wait states per memory fetch. In addition, owing 
to the size of the memory arrays, the program size, and 
the memory reguirements of the Series III, off board 
memory was required to run the program. 

The times shown in the table do not show the plotting 
time; only the time to generate the output that would be 
sent to the plotter is given. This is because the physical 
speed limitation of the plotter used would not allow the 
iAPX 86/20 system to produce the plotting commands 
at its maximum computational speed. The plotter re- 
quired approximately half an hour to 45 minutes to ac- 
tually draw the second demonstration picture. 

For each line plotted, five 1 by 4 times 4 by 4 matrix 
multiplies must be performed along with a non-trivial 
amount of other floating point operations, such as 
divides and compares. For example, when clipping is 
performed, the line endpoint values must be compared 
to the clipping parameters. If only part of the line is visi- 
ble, then the point the line leaves the visible area must be 
calculated. This requires twelve additional floating 
point operations. Another example is in the window to 
viewport transformation. For each line drawn, four 
floating point multiplies, four floating point divides, 
and four floating point adds must be performed. 

In addition, whenever the rotation, scale, translation or 
viewpoint is changed, 4 by 4 matrix multiplies must be 
performed. In addition, various trigonometric routines, 
such as sines and cosines, must be performed to set up 
the rotation parameters into the matrix. 



The performance measurements are given in Table 1 . 
Table 1. Performance Measurements 





Picture 


Mumber 


One 


Two 


number of points in picture 
number of points actually plotted 
execution time of the 86/20(sec) 
execution time of the 86 with 87 

emulator(sec) 
exection time of PDPll/45(sec)2 


117 
117 

2.84 
144.77 

1.7 


9131 
6114 
188 
9801 

120 



2 A PDP 11/45 mini-computer with 256K MOS RAM, and a 
FP11-B floating point unit running the UNIX operating 
system during a period of light load. The program was com- 
piled using the UNIX F77 FORTRAN compiler. 
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Figure 18. Demonstration Picture 1 



The results show that the performance of the iAPX 
86/20 is close to the performance of the mini-computer. 
The figures drawn are shown in Figure 17 for Picture 1 
and Figure 18 for Picture 2. The graphics commands re- 
quired to generate Picture 1 are given in Appendix B. 
Picture 2 shows three views of a single shuttle. (Hint: 
you are looking out the window of one of the shuttles!) 
The shuttle is defined only once in the input data. 
Another point to notice is that each shuttle is a con- 
glomeration of parts. For example, the shuttle wing is 
defined only once in input data. The complete shuttle 



contains two views of this same win$, translated and 
rotated to attach to the appropriate location on the 
fuselage of the shuttle itself. The engine nozzles take 
this same approach a bit further. The complete nozzle is 
defined only once, and is attached in three places on 
each shuttle. In addition, each nozzle is made up of 
replications of the same circle scaled and translated 
through space. Each circle is, in turn, composed of four 
views of one quarter-circle, each rotated a proper 
amount to form one complete circle. 



( 
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Figure 19. Demonstration Picture 2 



CONCLUSIONS 

The routines demonstrated in this note show that the 
types of operations required to manipulate and display a 
three-dimensional figure on a two-dimensional surface 
are far from trivial, involving very many floating point 
operations. With the introduction of the iAPX 86/20, 
the floating point performance required by this type of 
application is finally within the performance limits of 
microcomputers selling for a fraction of the cost of the 
previously required mini- or maxi-computers. Examples 
of systems in which this performance is required are 



Computer Aided Design (CAD) or Computer Aided 
Manufacturing (CAM) systems. In addition, the 
availability of a full ANSI 77 standard FORTRAN com- 
piler (FORTRAN 86) for the iAPX 86/20 enhances the 
production or transportation of existing software to the 
machine. This combination of high performance hard- 
ware with high performance software allows the iAPX 
86/20 to fill applications never before filled by a 
microprocessor. 
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c 

c this is the main routine of the graphics program, basically 

c it sets up default parameters for the rest of the routines, then 

c enters an infinite loop, alternatively fetching lines from the input 

c (using routine getl) and sending them to be processed by the graphics 

c processor (proc) 

c 



1 common /windoe/wxh,wyh 

2 common /viewp/vxh, vyh, vxc, vyc 

3 real*8 wxh,wyh, vxh, vyh, vxc, vyc 

4 common /matrix/currm, view, curp 

5 real*8 currm(4,4) , view(4, 4) , curp(4) 

6 common /clip/hither , yon, dee 

7 real*8 hither , yon, dee 

8 common /stacks/stackp, sspace 

9 real*8 sspace( 10,4,4) 

10 integer stackp 

11 common / def ns/dargl , darg2 , darg3 , darg4 , darg5 , darg6 , darg7 , entry , tailp, ends 

12 character*10 dargl(500) 

n real*8 darg2 ( 500) , darg3 ( 500) , darg4( 500) ,darg5(500) ,darg6(500) ,darg7(500) 

14 integer entry ( 10 ), ends ( 10) 

15 integer tailp 

16 common /cstack/cnum, cnump 

17 integer cnum( 10 ), cnump 

IS common /penpos/xpos,ypos,pcount 

19 real*8 xpos,ypos 

20 integerM pcount 

c initialize the plotting package 

21 call plots 

c initialize the stack pointer 

22 stackp = 1 

c set up a few defaults 

23 wxh = 10. 

24 wyh = 10. 

25 vxh = 5. 

26 vyh =5. 

27 vxc =5. 

28 vyc = 5. 

29 hither =1. 

30 yon = 100. 

31 dee =10. 

32 tailp = 1 

33 cnump = 1 

34 xpos = -i . 

35 ypos = -1. 

36 pcount « 0 

37 print * , ' GRAPHICS program entered!!! ' 
c 

c initialize the current matrix 
c 

38 call ident(currm) 
c 

c and process all the input lines 
c 

39 100 call getl 

40 call proc 

41 goto 100 

42 end 
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c 

c getl(line) 
c 

c fetches the next line from the input file, and grabs the first 7 

c things from it, the first being an alpha command contained within 

c (') and the rest being numbers. If less than 6 number are input 

c the input line must be terminated by a (/) in order for the 

c read statement to be correctly interpreted. The arguments are then 

c placed in the common block "args" . When the 'end 1 command is 

c encountered, "success" is printed on the terminal, and the 

c graphics program terminates. 

c 

43 subroutine getl 

44 common /args/argl , arg2 , arg3 , arg4, arg5 , arg6, arg7 

45 character*10 argl 

46 real*8 arg2 , arg3 , arg4, arg5 , arg6, arg7 

47 read ( 5 , * ) argl , arg2 , arg3 , arg4, arg5 , arg6 , arg7 

48 if (argl .eq. 'end') then 

49 call plot(0. ,0. ,999) 

50 print *,' success 1 ! 1 ' 

51 stop 

52 endif 

53 return 

54 end 

c 

c proc 
c 

c proc() does all the processing for a line. It gets its arguments 

c from the common block args, and does it's thing 

c 

55 subroutine proc 

56 common /matrix/currm, view, curp 

57 real*8 currm( 4 , 4 ) , view( 4 , 4 ) , curp( 4 ) 

58 common /args/argl , arg2 , arg3 , arg4 , arg5 , arg6 , arg7 

59 character*10 argl 

60 real*8 arg2 , arg3 , arg4, arg5 , arg6 , arg7 

61 common /clip/hither , yon, dee 

62 real*8 hither , yon , dee 

63 common /cstack/cnum, cnump 

64 integer cnum( 10 ), cnump 

65 integer i 

66 integer*4 rtimer , countt 

c 

c determine the command entered. (HUGE if-then-else if-, etc) and 

c call the appropriate routine with the correct arguments 

c 

67 if(argl . eq . 'comment') then 

68 i = 1 

69 100 read(5,800) 

70 i = i + 1 

71 if(i .le. int(arg2)) goto 100 

72 800 format (al) 

73 else if(argl .eq. 'define') then 

74 i = int(arg2) 

75 call defn(i) 

76 call printd(i) 

77 else if(argl .eq. 'call') then 

78 cnum( cnump) = int(arg2) 

79 cnump = cnump + 1 

80 if (cnump .gt. 10) then 

81 print *,'call nesting level too deep, sorry' 

82 cnump = 10 

83 endif 

84 call callit( cnum( cnump - 1 ), cnump - 1) 

85 cnump = cnump - 1 

86 else if (argl .eq. 'line') then 
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87 call pline(arg2,arg3,arg4,arg5,arg6,arg7,2) 

88 else if(argl .eq. 'plot') then 

89 i = int(arg5) 

90 call pplot(arg2,arg3, arg4, i) 

91 else if(argl .eq. 'ident') then 

92 call ident ( currm) 

93 else if(argl .eq. 'push') then 

94 call push(currm) 

95 else if(argl .eq. 'pop') then 

96 call pop( currm) 

97 else if(argl .eq. 'rotate') then 

98 call rotate(arg2,arg3,arg4, currm) 

99 else if(argl .eq. 'translate') then 

100 call transl(arg2,arg3,arg4, currm) 

101 else if(argl .eq. 'scale') then 

102 call pscale(arg2,arg3,arg4, currm) 

103 else if(argl .eq. 'window') then 

104 call window(arg2, arg3) 

105 else if(argl .eq. 'viewport') then 

106 call viewpr(arg2,arg3,arg4,arg5) 

107 else if(argl .eq. 'viewpoint') then 

108 call Viewpn(arg2,arg3,arg4,arg5,arg6, arg7) 

109 else if(argl .eq. 'zclip') then 

110 call zclip(arg2, arg3) 

111 else if(argl .eq. 'cube') then 

112 call cube(arg2,arg3, arg4,arg5,arg6,arg7) 

113 else if(argl .eq. 'arrow') then 

114 call arrow 

115 else if(argl .eq. 'pyramid') then 

116 call pyrmd(arg2,arg3,arg4 f arg5,arg6, arg7) 

117 else if(argl .eq. 'current') then 

118 call printm( currm) 

119 else if(argl .eq. 'printdef ' ) then 

120 i - int(arg2) 

121 call printd(i) 

122 else if(argl .eq. 'startt') then 

123 call stimer 

124 else if(argl .eq. 'readt') then 

125 countt « rtimerO 

126 print *,'the time (in seconds) from the last startt is: ', countt/ 100 

127 else 

128 print *, 'error, command ' , argl, 'unknown' 

129 endif 

130 return 

131 end 

c 

c ident (matrx) 
c 

c identO sets the ^given 4X4 matrix to the identity matrix, 
c 

132 subroutine ident (matrx) 

133 real*8 matrx(4,4) 

134 integer i,j 

135 do 100 i»l,4 

136 do 100 j«l,4 

137 matrx(i,j) =0. 

138 100 continue 

139 do 110 i-1,4 

140 matrx(i,i) =1. 

141 110 continue 

142 return 

143 end 
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c 

c subroutine defn (number) defines figure number. the defined figure 

c is contained in a large common block "defns" which contains 

c enough space for a total of 500 commands, comments are not 

c stored along with the define commands to save space, the variables 

c entry and ends contain the starting and ending indexes of the 

c , 10 possible defined figures 

c 

144 subroutine defn (number) 

145 integer number 

146 common /def ns/dargl , darg2 , darg3 , darg4 , darg5 , darg6 , darg7 , entry , tailp, ends 

147 character*10 dargl(500) 

148 real*8 darg2 ( 500 ) , darg3 ( 500 ) , darg4( 500) , dargS ( 500 ) , darg6 ( 500) ,darg7(500) 

149 integer entry ( 10 ), ends ( 10 ) 

150 integer tailp 

151 common /args/argl , arg2 , arg3 , arg4, arg5 , arg6 , arg7 

152 character*10 argl * 

153 real*8 arg2 , arg3 , arg4 , arg5 , arg6 , arg7 

154 integer i » 

155 entry(number ) = tailp 

156 print *,' start of define is at', tailp 

157 100 call getl 
c 

c check for terminate of define 
c 

158 if(argl .eq. 'enddef') then 

159 ends(number) = tailp 

160 print * , ' end of figure define is at', tailp 

161 return 

162 else if (argl .ne. 'comment') then 

163 dargl( tailp) = argl 

164 darg2(tailp) = arg2 

165 darg3(tailp) = arg3 

166 darg4(tailp) = arg4 , 

167 darg5(tailp) = arg5 

168 « darg6(tailp) = arg6 

169 darg7(tailp) = arg7 

170 tailp = tailp + 1 

171 if(tailp .gt. 500) then 

172 print *, 'define memory overrun! 11' 

173 tailp = 500 

174 endif 

175 else 

176 i = 1 

177 150 read(5 / 800) 

178 i = i + 1 

179 if(i .le. int(arg2)) goto 150 

180 800 format (al) 

181 endif 

182 goto 100 

183 end 
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C 

c subroutine printd( number ) prints the defined figure commands 
c 

184 subroutine printd( number ) 

185 integer number 

186 common /def ns/dargl , darg2 , darg3 , darg4 , darg5 , darg6 , darg7 , entry , tailp, ends 

187 character*10 dargl(500) 

188 real*8 darg2(500) ,darg3(500) ,darg4(500) f darg5(500) , darg6 ( 500) , darg7 ( 500) 

189 integer entry( 10) , ends( 10) 

190 integer tailp 

191 integer i 

192 i = entry (number) 

193 100 if(i .eq. ends ( number ) ) return 

194 write(6,800)dargl( i) ,darg2(i) ,darg3(i) ,darg4(i) ,darg5(i) ,darg6(i) ,darg7(i) 

195 800 format(al0,6fll.4) 

196 i = i + 1 

197 goto 100 

198 end 

c 

c subroutine call it (number , nest) causes the defined figure number to 

c be input to the graphics processor, nesting level must be provided 

c to allow pseudo-recursive type calls... 

c 

199 subroutine callit (number , nest ) 

200 integer number, nest 

201 common /def ns/dargl , darg2 , darg3 , darg4 , darg5 , darg6 , darg7 , entry , tailp, ends 

202 character*10 dargl(500) 

203 real*8 darg2(500) ,darg3(500) ,darg4(500) ,darg5(500) ,darg6(500) ,darg7(500) 

204 integer entry ( 10 ), ends ( 10 ) * 

205 integer tailp 

206 common /args/argl , arg2 , arg3 , arg4, arg5 , arg6 , arg7 

207 character*10 argl 

208 real*8 arg2 , arg3 , arg4, arg5 , arg6, arg7 

209 integer i(10) 

210 i(nest) = entry (number ) 

211 100 if (i (nest) .eq. ends ( number ) ) return 

212 argl = dargl ( i (nest) ) 

213 arg2 = darg2 ( i ( nest) ) 

214 arg3 = darg3 ( i (nest) ) 

215 arg4 = darg4( i(nest) ) 

216 , arg5 = darg5( i(nest) ) 

217 arg6 = darg6 ( i (nest) ) 

218 arg7 = darg7 ( i (nest) ) 

219 call proc 

220 i(nest) = i(nest) + 1 

221 goto 100 

222 end 

c 

c printm(matrx) 
c 

c printm prints out the given 4x4 double precision matrix 
c 

223 subroutine printm(matrx) 

224 real*8 matrx(4,4) 

225 integer i 

226 do 100 i=l,4 

227 write(6,800)matrx(i, 1) ,matrx(i, 2) ,matrx(i, 3) ,matrx(i,4) 

228 100 continue 

229 800 format(4fl5.4) 

230 return 

231 end 
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c 

c pline(x,y,z,a,b,c, sj 
c 

c pline() draws a line from (x,y,z) to (a,b,c) with pencode s, using 

c the current window, viewpoint, viewport, etc. 

c 

1 subroutine pline(x,y, z,a,b, c, s) 

2 real*8 x?y,z,a,b,c 

3 integer s 

4 common /matrix/currm, view,curp 

5 real*8 currm(4,4) , view(4,4) ,curp(4) 

6 logical zclipp,junk 

7 real*8 tmpf (4) , tmpt(4) 

8 tmpf(l) = x 

9 tmpf (2) ■ y 

10 tmpf(3) = z 

11 tmpf(4) » 1. 

12 tmpt(l) = a 

13 tmpt(2) = b 

14 tmpt(3) = c 

15 tmpt(4) ■ 1. 

16 curp(l) ■ a 

17 curp(2) = b 

18 curp(3) = c 

19 curp(4) = 1. 
c 

c perform translations, and viewing translation 

20 call mmultl(tmpf ,currm, tmpf ) 

21 call mmultl (tmpt ,currm, tmpt) 

22 call mmultl (tmpf , view, tmpf ) * 

23 call mmultl (tmpt, view, tmpt) 
c 

c perform zclipping on both points... 
c 

24 if (zclipp(tmpf , tmpt) .eq. .false.) goto 200 

25 junk=zcl ipp( tmpt, tmpf ) 
c 

c project the vector into 2-D 
c 

26 call projct(tmpf) 

27 call projct(tmpt) 
c 

c do x/y clipping, the window to viewport transform, and plot the vector 
c 

28 call wtovp(tmpf , tmpt, s) 

29 200 return 

30 end 
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c 

c pplot ( x, y , z , t ) 

c ■ 

c plot a line from the current position to (x,y f z) using pencode t. 

c Basically, sets up a call to pline from the current position 

c to the new position using the appropriate pencode. 
c 

31 subroutine pplot (x,y,z,t) 

32 real*R x,y,z 

33 integer t 

34 common /matrix/currm, view, curp 

35 real*8 currm(4,4) ,view(4,4) ,curp(4) 

36 call pline(curp( 1 ) ,curp(2) ,curp(3) ,x,y,z,t) 

37 return 

38 end 

c 

c push(matrix) 
c 

c pushO pushes the given matrix onto the matrix stack, checks 

c for stack overflow, and won't let you I 1 I I Does not alter the 

c current matrix, 
c 

39 subroutine push(matrix) 

40 real*8 matrix, sspace(4, 4, 10) 

41 integer stackp 

42 dimension matrix(4,4) 

43 common /stacks/stackp, sspace 

44 if(stackp .gt. 10) then 

45 print *, 'stack overflow' 

46 return 

47 end if 

48 call copym( sspace( 1 , 1 , stackp) , matrix) 

49 stackp=stackp+l 

50 return 

51 end 

c 

c pop(matrix) 
c 

c pop() pops the top of stack into the given matrix. Checks for 

c stack underflow, and again won't let you do it! Ml 

c 

52 subroutine pop(matrix) 

53 real*8 matrix, sspace(4,4, 10) 

54 integer stackp 

55 dimension matrix (4, 4) * 

56 common /stacks/stackp, sspace 

57 stackp=stackp-l 

58 if (stackp .It. 1) then 

59 print *, 'stack underflow' 

60 stackp = 1 

61 return 

62 end if 

63 call copym (matrix, sspace ( 1 ,(1 , stackp) ) 

64 return 

65 end 
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C 

c rotate ( x,y, z, matrix) 
c 

c rotateO pre-concatenates the given (x,y,z) rotation, tb the 

c supplied matrix(usually the current matrix). x,y,z are given 
c in degrees, 

c 

1 subroutine rotate( x, y, z, matrix) 

2 real*8 x,y,z, matrix 

3 dimension matrix (4, 4) 

4 real*8 tmp 

5 dimension tmp(4,4) 

6 call ident(tmp) 

7 tmp(2,2) » cos(x * 0.01745329) 

8 tmp(3,3) « tmp(2,2) 

9 tmp(2,3) » sin(x * 0.01745329) 

10 tmp(3,2) = - tmp(2,3) 

11 call mmult4( tmp matrix, matrix) 

12 call ident(tmp) 

13 tmp(l,l) = cos(y * 0.01745329) 

14 tmp(3,3) « tmp(l,l) 

15 tmp(3,l) = sin(y * 0.01745329) 

16 tmp(l,3) » - tmp(3,l) 

17 call mmult4( tmp matrix, matrix) 

18 call ident(tmp) 

19 tmp(l,l) = cos(z * 0.01745329) 

20 tmp(2,2) = tmp(l,l) 

21 tmp(l,2) = sin(z * 0.01745329) 

22 tmp(2,l) = - tmp(l,2) 

23 call mmult4(tmp, matrix, matrix) 

24 return 

25 end 

c \ 

c translate(x,y, z, matrix) 

c • 

c translate() pre-concatenates the given tranlation (x,y,z) to the 

c given matrix(usually the current matrix). 

c 

26 subroutine transl ( x, y, z, matrix) 

27 real*8 x,y,z, matrix 

28 dimension matrix (4, 4) 

29 real*8 tmp ) 

30 dimension tmp (4, 4) 

31 call ident(tmp) 

32 tmp(4,l) = x 

33 tmp(4,2/) ■ y 

34 tmp (4,3) = z 

35 call mmult4( tmp, matrix, matrix) 

36 return 

37 end 
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c 

c pscale( x,y , z, matrix) 
c 

c pscale pre-concatenates the given scaling (x,y,z) onto the 

c given matrix. 

c 

38 subroutine pscale(x,y, z, matrix) 

39 real*8 x,y,z, matrix 

40 dimension matrix (4, 4) 

41 real*8 tmp 

42 dimension tmp (4, 4) 

43 call ident(tmp) 

44 tmp(l,l) = x 

45 tmp(2,2) = y 

46 tmp(3,3) » z 

47 call mmult4( tmp matrix, matrix) 

48 return 

49 end 

c 

c window(a,b) viewport(a,b,c,d) 

c these two routines set up the global variables according to the 

c given parameters. 

c 

50 subroutine window ( a, b) * 

51 real*8 a,b 

52 real*8 wxh,wyh 

53 common /windoe/wxh,wyh 

54 wxh » a 

55 wyh = b 

56 return 

57 > end 



c 



58 subroutine viewpr(a,b,c,d) 

59 real*8 a,b,c,d 

60 real*8 vxh, vyh, vxc, vyc 

61 common /viewp/vxh, vyh, vxc, vyc 

62 vxc = a 

63 vyc « b 

64 vxh = c 

65 vyh = d 

66 call mplot(vxc - vxh, vyc - vyh, 3) 

67 call mplot(vxc + vxh, vyc - vyh # 2) 

68 call mplot(vxc + vxh, vyc + vyh, 2) 

69 call mplot(vxc - vxh, vyc + vyh, 2) 

70 call mplot(vxc - vxh, vyc - vyh, 2) 

71 return 

72 end 
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c 

c viewpoint ( a, b,c,d, e, f ) 

c > 

c viewpoint sets up the viewing transformation for the given 

c to and from points the eye position is (a,b,c) the lookat 

c position is (d,e,f). 
c 

1 subroutine viewpn(a,b, c,d, e, f ) 

2 real*8 a,b,c,d,e,f 

3 real*8 angle 

4 real*8 tmp(4,4) , tmpp(4) 

5 common /matrix/currm, view, curp 

6 real*8 currm(4,4) ,view(4,4) ,curp(4) 

7 common /clip/hither, yon, dee 

8 real*8 hither , yon, dee 

c 

c initialize the viewing transformation 

c 

9 call ident(view) 
c 

c move lookat position to origin 

c 

10 call transl(-d, -e, -f , view) 
c 

c rotate view matrix per the lookat angle 

c 

11 a = a - d 

12 b = b - e 

13 c = c - f 

14 angle = - atan2(a,c) 

15 call ident(tmp) 

16 tmp(l,l) - cos(angle) 

17 tmp(3,3) = tmp(l,l) 

18 tmp(3,l) = sin(angle) 

19 tmp(l,3) = - tmp(3,l) 

20 call mmult4( view, tmp, view) 

21 angle - atan2(b, sqrt(a*a + c*c) ) 

22 call ident(tmp) 

23 tmp(2,2) = cos (angle) 

24 tmp(3,3) = tmp(2,2) 

25 tmp(2,3) = sin (angle) 

26 tmp(3,2) = - tmp(2,3) 

27 call mmult4(view, tmp, view) 

28 a = a + d 

29 b = b + e 

30 c = c + f 

31 tmpp(l) « a 

32 tmpp(2) = b 

33 tmpp(3) = c 

34 tmpp(4) « 1. 

35 call mmultl ( tmpp, view, tmpp) 

36 dee ■ tmpp(3) 

37 return 

38 end 
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C 

c zclip(a,b) 
c 

c zclip() sets up the global clipping parameters, a is the hither, 

c b the yon, does not allow the hither plane to be behind the 

c viewer, nor does it allow the yon to be between the viewer 

c and the hither, 
c 

39 subroutine zclip(a,b) 

40 real*8 a,b 

41 real*8. hither, yon, dee 

42 common /clip/hither , yon, dee 

43 if(a .It. 0) then 

44 print *,'bad hither parameter' 

45 a = 0 

46 end if 

47 if(b .It. a) then 

48 print *,'bad yon parameter' 

49 b = a + 100 

50 end if 

51 hither = a 

52 yon = b 

53 return 

54 end 



c 

c zclipping(vectl,vect2) 
c 

c zclippingO performs the zclipping on vectl using the global 

c zclipping parameters. Modifies ONLY vectl, returns true if 

c a portion of the vector indicated by ( clipped) vectl and vect2 

c will be visible in the scene, 
c 

55 logical function zclipp( vectl , vect2) 

56 real*8 vectl (4) , vect2 (4) 

57 common /clip/hither , yon, dee 

58 real*8 hither , yon, dee 

59 real*8 htr,yn 

60 htr = dee - hither 

61 yn = dee - yon 

6*2 zclipp = .true. 

63 if(vectl(3) .gt. htr) then 

64 if(vect2(3) .gt. htr) then 

65 zclipp = .false. 

66 else 
c 

c you must modify the x and y parameters/ (according to like triangles) 

c when the z parameter is modifiedlll 

c 

67 vectl(l) « (vectl(l) - vect2 ( 1 ) ) * ( (htr - vect2(3))/ 

* (vectl(3) - vect2(3))) + vect2(l) 

68 vectl(2) = (vectl(2) - vect2 ( 2 ) ) * ( (htr - vect2(3))/ 

* (vectl(3) - vect2(3))) + vect2(2) 

69 vectl (3) = htr 

70 zclipp = .true. 

71 end if 

72 else if(vectl(3) .It. yn) then 

73 if(vect2(3) .It. yn) then 

74 ' ' zclipp = .false. 

75 else 



3-245 



AP-144 



76 

77 

78 
79 
80 
81 
82 
83 



end if 



end if 
return 
end 



vectl(l) - (vect2(l) - vectl ( 1 ) ) * ( (yn - vectl(3))/ 
(vect2(3) - vectl(3))) + vectl (1) 

vectl(2) = (vect2(2) - vectl ( 2 ) ) * ( (yn - vectl(3))/ 
(vect5(3) - vectl(3))) + vectl(2) 

vectl (3) = yn 

zclipp = .true. 



c 

c pro jet ( vector) 
c 

c projct( ) projects the given vector to a point in 2-D space using 
c » the global "dee" parameter, for single point perspective. 

c 

1 subroutine pro jet ( vector) 

2 . real*8 vector (4) 

3 common /clip/hither , yon, dee 

4 real*8 hither , yon, dee 

5 real*8 tmp(4,4) 

6 call ident(tmp) 

7 if(dee .ne. 0) then 

8 tmp(3,4) = - 1 / dee 

9 • else 

10 tmp(3,4) » - 1000000000. 

11 endif 

12 call mmultl ( vector , tmp, vector ) 

13 call norm (vector) 

14 return 

15 end 



c 

c norm (vector) 
c 

c norm() normalizes the given vector, 
c 

c / 

16 subroutine norm( vector) 

17 real*8 vector (4) 

18 vector(l) = vector(l) / vector (4) 

19 vector(2) = vector(2) / vector(4) 

20 vector(3) = vector(3) / vector (4) 

21 vector (4) = 1. 

22 return 

23 end 
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c 

c wtovp( from, to,pencode) 
c 

c wtovpO takes the projected, from and to points, and: 

c It does x/y clipping on the window 

c 2: does the window to viewport translation 

c 3: plots the transformed points onto the device 

c 

24 subroutine wtovp( from, to, pencde) 

25 real*8 from(4) , to(4) 

26 integer pencde 

27 common /windoe/wxh,wyh 

28 real*8 wxh,wyh 

29 common /viewp/vxh, vyh, vxc, vyc 

30 real* 8 vxh, vyh, vxc, vyc 

31 logical xyclip 

32 real*8 xp,yp 

33 if ( xyclip( f rom, to) ) then 

34 xp = (from(l)) * vxh / wxh + vxc 

35 yp = (from(2)) * vyh / wyh + vyc 

36 call mplot(xp,yp, 3) 

37 xp = (to(lj) * vxh / wxh + vxc 

38 yp = (to(2)) * vyh / wyh + vyc 

39 call mplot( xp,yp, pencde) 

40 endif 

41 return 

42 end 

c 

c xyclip( from, to) 
c 

c xyclip( ) performs the x/y clipping on both the from and t 

c vectors in the window cooridinates . Returnes false if 

c none of the vector would be visible, 
c , 

43 logical function xyclip( f rom, to) A 

44 real*8 f rom(4) , to(4) 

45 integer*2 cf,ct h 

46 xyclip = .false. 

47 100 call code(from,cf ) 

48 call code(to,ct) 

49 if((cf .and. ct) .ne. 0) goto 105 

50 if(cf .ne. 0) call ppush(cf , f rom, to) 

51 if(ct.ne.O) call ppush(ct, to, f rom) 

52 if((cf + ct) .ne. 0) goto 100 . / 

53 xyclip = .true. 

54 105 return 

55 end 
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C 

c code( vector , flag) 
c 

c code() returns the binary code in flag for vector indicating 

c it's position relative to the window. 

c 

1 subroutine code( vector, flag) 

2 real*8 vector (4) 

3 integer flag 

4 common /windoe/wxh,wyh 

5 real*8 wxh, wyh 

6 real*8 tmp 

7 flag « 0 

8 tmp * vector (1) 

9 if (tmp .It. - wxh) flag - 1 

10 if(tmp .gt. wxh) flag - flag + 2 

11 tmp « vector(2) 

12 if (tmp .It. -wyh) flag = flag + 4 

13 if(tmp .gt. wyh) flag - flag + 8 

14 return 

15 end 

c 

c ppush( flag, to, from) 
c 

c ppush() pushes "to" towards "from" according to flag, which 

c contains the code returned by code(). used to insure that the 

c line exits the window at the correct point 
c 

16 subroutine ppush( flag, to, from) 

17 real*8 to(4) , f rom(4) , 

18 integer flag / 

19 common /windoe/wxh,wyh 

20 real* 8 wxh, wyh 

21 if ((flag .and. 1) .ne. 0) then 

22 to(2) - ((-wxh - fromd)) 

* /(to(l) - from(l)))*(to(2) - from(2)) + from(2) 

23 to(l) « -wxh 

24 endif 

25 if ((flag .and. 2) .ne. 0) then 

26 to(2) - ((wxh - from(l)) 

* /(to(l) - from(l)))*(to(2) - from(2)) + from(2) 

27 to(l) - wxh 

28 endif 

29 if ((flag .and^ 4) .ne. 0) then 

30 to(l) - ((-wyh - from(2)) 

* /(to(2) - from(2)))*(to(l) - from(l)) + from(l) 

31 to(2) = -wyh 

32 endif 

33 if((flag .and. 8) .ne. 0) then 

34 to(l) * ((wyh - from(2)) 

* /(to(2) - from(2)))*(to(l) - from(l)) + from(l) 

35 to(2) - wyh 

36 endif 

37 return 

38 end 
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C 

c copyra(dst , src) 
c 

c copym() copies the src 4X4 matrix to the dst 4X4 matrix, 
c 

39 subroutine copym(dst , src) 

40 real*8 dst(16) , src(16) 

41 integer i 

42 do 100 i - 1,16 

43 dst(i) ■ src(i) 

44 100 continue 

45 return 

46 end 

c 

c mplot(argl,arg2,arg3) 
c 

c mplotO calls plot with argl,arg2,arg3. inserted as another level 

c of indirection in order to allow the actual plot commands to be 

c written to a file, etc. 

c 

47 subroutine mplot(argl,arg2,arg3) 

48 real*8 argl,arg2 

49 integer arg3 

50 call plot(argl,arg2,arg3) 

51 return 

52 end 

c 

c cube(argl,arg2,arg3,arg4,arg5,arg6) 
c 

c cube() generates a cube centered at (argl , arg2, arg3 ) with 

c arg4,arg5,arg6 as it's half widths 

c 

1 subroutine cube ( argl , arg2 , arg3 , arg4, arg5 , arg6 ) 

2 real*8 argl , arg2 , arg3 , arg4, arg5 , arg6 

3 call pline ( argl-arg4 , arg2-arg5 , arg3-arg6 , argl+arg4 , arg2-arg5 , arg3-arg6 , 2 ) 

4 call pplot(argl+arg4, arg2+arg5,arg3-arg6,2) 

5 call pplot(argl-arg4,arg2+arg5,arg3-arg6,2) 

6 call pplot(argl-arg4,arg2-arg5,arg3-arg6, 2) 

7 call pplot(argl-arg4, arg2-arg5, arg3+arg6, 2) 

8 call pplot(argl+arg4,arg2-arg5,arg3+arg6,2) 

9 call pplot (argl+arg4, arg2+arg5, arg3+arg6, 2) 
lvO call pplot(argl-arg4,arg2+arg5, arg3+arg6, 2) 

11 call pplot(argl-arg4,arg2-arg5,arg3+arg6,2) 

12 call pline ( argl+arg4 , arg2-arg5 , arg3-arg6 , argl+arg4 , arg2-arg5 , arg3+arg6 , 2 ) 

13 \ call pline(argl+arg4,arg2+arg5,arg3-arg6,argl+arg4,arg2+arg5,arg3+arg6, 2) 

14 call pline(argl-arg4,arg2+arg5,arg3-arg6,argl-arg4,arg2+arg5,arg3+arg6,2) 

15 return 

16 end 
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C 

c ) 

c arrow( ) 

c > ' r ' • 

c arrow( ) draws a sort-of arrow from (0,0,0) to (1,0,0) 
c ' 

17 subroutine arrow( ) 

18 call pline(0. ,0. ,0. ,1. ,0. ,0. ,2) 

19 call pline(l. ,0. ,0. , .8, .2,0. ,2) 

20 call pline(l.,0.,0.,.8,0.,.2,2) 

21 call pline(l. ,0. ,0. , .8, -.2,0. ,2) 

22 call pline(l. ,0. ,0. , .8,0. ,-.2,2) 

23 return 

24 end 

c 

c pyrmd(argl,arg2,arg3,arg4,arg5,arg6) 
c 

c pyrmdO draws a pyramid with the center of it's base at 

c (argl,arg2, arg3) and half x,y,z widths of arg4,arg5,arg6. 

c The height is the x half width, 
c 

25 subroutine pyrmd(argl,arg2,arg3,arg4,arg5,arg6) 

26 real*8 argl , arg2, arg3 , arg4, arg5 , arg6 

27 real*8 height 

28 call pline ( argl-arg4 , arg2-arg5 , arg3-arg6 , argl+arg4 , arg2-arg5 , arg3-arg6 , 2 ) 

29 call pplot(argl+arg4,arg2+arg5,arg3-arg6,2) 

30 call pplot(argl-arg4,arg2+arg5,arg3-arg6,2) 

31 call pplot(argl-arg4,arg2-arg5,arg3-arg6,2) 

32 height = arg4 - argl 

33 call pline ( argl-arg4 , arg2-arg5 , arg3-arg6 , argl , arg2 , arg3+height , 2 ) 

34 call pline ( argl+arg4 , arg2-arg5 , arg3-arg6 , argl , arg2 , arg3+height , 2 ) 

35 call pline ( argl-arg4 , arg2+arg5 , arg3-arg6 , argl , arg2 , arg3+height , 2 ) 

36 call pline ( argl+arg4, arg2+arg5 , arg3-arg6, argl, arg2,arg3+height, 2) 

37 return 

38 end 



3-250 



AP-144 



C 

c subroutine mmult4(mpl ,mp2,mpr ) 

c 

c subroutine mmult4 multiplies the mpl 4x4 matrix 

c and multiplies it by the mp2 4x4 matrix, the result is 

c placed in the mpr 4x4 matrix. internal results are placed 

c in a temporary matrix, then copied over in order that one of 

c the operands may be used as the destination matrix 

c 

1 subroutine mmult4 (mpl ,mp2 ,mpr ) 

2 real*8 mpl(4,4) ,mp2(4,4) ,mpr(4,4) 

3 real*8 acc 

4 real*8 temp(4,4) 

5 integer i,j,k 

6 do 100 i=l,4 

7 do 100 j-1,4 

8 acc =0. 

9 do 110 k=l,4 

10 acc = acc + mpl ( i , k) *mp2 (k, j ) 

11 110 continue 

12 temp( i, j ) = acc 

13 100 continue 

14 do 120 i=l,4 

15 do 120 j-1,4 

16 mpr(i,j) ■ temp(i f j) 

17 120 continue 

18 return 

19 end 

c 

c subroutine mmultl (mpl ,mp2 ,mpr ) 

c 

c subroutine mmultl multiplies the mpl 4 position vector 

c by the mp2 4x4 matrix, the result is put in the mpr 4 

c position vector, results are calculated into a temporary 

c vector, then copied over so that' the mpl vector may be used 

c as the destination of the result 

c 

20 subroutine mmultl (mpl ,mp2 , mpr ) 

21 real*8 mpl(4) ,mp2(4,4) ,mpr(4) 

22 real*8 acc 

23 real*8 temp(4) 

24 integer i,j,k 

25 do 100 j=l,4 i 

26 acc =0. w 

27 do 110 k=l,4 

28 acc = acc + mpl (k) *mp2 (k, j ) 

29 110 continue 

30 temp(j) = acc 

31 100 continue 

32 do 120 i=l,4 

33 mpr(i) ■ temp(i) 

34 120 continue 

35 return 

36 end 
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C 

c subroutine plot( x,y,penc) / 

c , 

c subroutine plot plots a line from the current pen position to 

c the given pen position using the pencode given. The possible 

c pen codes are: 

c 2 : pen down 

c 3: pen up ^ 

c 999: terminate plotting 

c 

c the actual interface described here if for the serial port on the 

c iSBC 86/12a board connected to an HP7225A flat bed plotter, no 

c handshaking is done, 
c 

1 subroutine plot( x,y,penc) 

2 real*8 x,y 

3 integer penc 

4 common /penpos/xpos , ypos ,pcount 

5 real*8 xpos,ypos 

6 integer*4 pcount 

7 pcount = pcount + 1 

8 if (penc .eq. 999) then 

9 call putout( 'P' ) 
10^ call putout( "U* ) 

11 call putout( ' ; ' ) 

12 print *,*the number of points plotted is:', pcount 

13 goto 200 

14 endif 

15 if ( (xpos.eq.x) .and. (ypos.eq.y) ) then 

16 if (penc .eq. 2) then 

17 call putout( 'P' ) 

18 call putout( 'D' ) 

19 call putout( ' ; ' ) 

20 call putout( 'P* ) 

21 call putout( 'U' ) 

22 call putoutf 1 ;') 

23 else 

24 goto 200 

25 endif 

26 else 

27 if (penc .eq. 3) then 

28 call putout( 'P* ) 

29 call putout( 'U' ) 

30 else if (penc .eq. 2) then 

31 call putout( 'P 1 ) 

32 call putout( 'D' ) 

33 else 

34 call putout( 'P' ) 

35 call putout( 'IT ) 

36 call putout( ' ; ' ) 

37 goto 200 

38 endif 



3-252 



AP-144 



39 call putout( ' ,• 1 ) 

40 call putout( 'P' ) 

41 call putout('A') 

42 if(x .gt. 12) x - 12 

43 call ponum(x) 

44 call putout( ' , ' ) 

45 if(y >g t. 10) y ■ 10 

46 call ponum(y) 

47 call putout( ' ; ' ) 

48 endif 

49 xpos ■ x 

50 ypos ■ y 

51 200 return 

52 end x 
c 

c subroutine ponum (number) 
c 

c subroutine ponum takes the given double precision real number, 

c truncates it to integer, then runs the resultant integer out > 

c the iSBC 86/l2a serial port, leading zeros are suppressed, 

c the maximum number is 99999111 

c 

53 subroutine ponum (number) 

54 real*8 number 

55 character lookup(9) 

56 logical flag 

57 integer multip(5) 

58 integer work 

59 data lookup/ , l , f '2 , , , 3 , , , 4 , , , 5 , , , 6 , # , 7 , , , 8 , , , 9 , / 

60 data multip/10000, 1000, 100, 10, 1/ 

61 flag = .false. 

62 if (number , .It. 0) number « 0. 

63 number * number * 800. 

64 do 100 i - 1,5 

65 work ■ aint( number / real(multip( i) ) ) 

66 if (work .eq. 0) then 

67 if (flag) call putout( '0" ) 

68 else 

69 call putout( lookup ( work ) ) 

70 flag • .true. 

71 endif 

72 number ■ number - work * multip(i) 

73 100 continue 

74 if (.not. flag) call putout('O') 

75 return 

76 end 
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c 

c subroutine plots 
c 

c subroutine plots initialized the iSBC86/l2 board baud rate 

c generator ( really part of the 8253 timer) and serial line, 

c the given numbers will set it up for 600 baud, 8 bits, no 

c parity 
c 

77 subroutine plots 

78 common /penpos/xpos,ypos 

79 real*8 xpos,ypos 

80 xpos - 10000. / 

81 ypos ■ 10000. 

82 call output(#0d6h,intl(#0b6h)) 

83 call output (#0d4h,intl(#80h) ) 

84 call output(#0d4h,intl(0) ) 

85 call output(#0dah,intl(#72h) ) 

86 call wastet 

87 call output(#0dah,intl(#25h) ) 

88 call wastet 

89 call output(#0dah,intl(#62h) ) 

90 call wastet 

91 call output(#0dah,intl(#0ceh)) 

92 call wastet 

93 call output(#0dah,intl(#27h) ) 

94 return 

95 end 

c . , , 

c subroutine putout(c) , 

c 1 

c subroutine putout puts the character given out on the iSBC 86/12 , 

c board serial line (checks for transmitter empty, loops on not empty, 

c on empty puts out the character) 

c 

96 subroutine putout (c) 

97 character c 

98 integer*l status 

99 100 call input ( #0dah, status) 

100 status = status .and. 4 

101 if(status .eq. 0) goto 100 

102 call output(#0d8h,intl(ichar(c) ) ) 

103 return 

104 end 

c 

c subroutine wastet 
c 

c subroutine wastet wastes a little bit of time while the 8253 gets 

c its act together 

c 

105 subroutine wastet 

106 return 

107 end 
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APPENDIX B 



run :f5:graph 
'define' 1 / 
'viewport' 2.5, 
'viewpoint' 10 
"window* 10 10 
' cube ' 00 0 2 
'viewport' 7.5 
'rotate' 15 15 
' cube '0002 
'viewport' 2.5 
' ident ' / 
'viewpoint' 10 
' cube '0002 
'viewport' 7.5 
'rotate' 30 30 
' cube '0002 
'enddef / 
'call' 1 / 
'end' / 



2.5 2 2 / 

10 10 0 0 0 / 
/ 

2 2/ 
2.5 2 2/ 

15 /,, 
2 2/ 
7.5 2 2 / 

0 0 0 0 0 / 
2 2/ 
7.5 2 2 / 
30 / 
2 2/ 
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1. INTRODUCTION 

As state of the art technology has increased the number 
of transistors possible on a single integrated circuit, 
these devices have attained new, higher levels of both 
performance and functionality. Riding this crest are the 
Intel 80186 and 80286 microprocessors. While the 
80286 has added memory protection and management 
to the basic 8086 architecture, the 80186 has integrated 
six separate functional blocks into a single device. 

The purpose of this note is to explain, through example, 
the ufce of the 80186 with various peripheral and mem- 
ory devices. Because the 80186 integrates a DMA unit, 
timer unit, interrupt controller unit, bus controller unit 
and chip select and ready generation unit with the CPU 



on a single chip (see Figure 1), system construction is 
simplified since many of the peripheral interfaces are in- 
tegrated onto the device. 

The 80186 family actually consists of two processors: the 
80186 and 80188. The only difference between the two 
processors is that the 80186 maintains a 16-bit external 
data bus while the 80188 has an 8-bit external data bus. 
Internally, they both implement the same processor with 
the same integrated peripheral components. Thus, ex- 
cept where noted, all 80186 information in this note also 
applies to the 80188. The implications of having an 8-bit 
external data bus on the 801 88 are explicitly noted in ap- 
pendix I. Any parametric values included in this note are 
taken from the iAPX 186 Advance Information data 
sheet, and pertain to 8Mhz devices. 
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Figure 1. 80186 Block Diagram 

3-256 



AFN-210973 



AP-186 



2. OVERVIEW OF THE 80186 
2.1 The CPU 

The 80186 CPU shares a common base architecture 
with the 8086, 8088 and 80286. It is completely object 
code compatible with the 8086/88. This architecture 
features four 16-bit general purpose registers (AX,BX, 
CX,DX) which may be used as operands in most arith- 
metic operations in either 8 or 16 bit units. It also fea- 
tures four 16-bit "pointer" registers (SI,DI,BP»SP) 
which may be used both in arithmetic operations and in 
accessing memory based variables. Four 16-bit segment 
registers (CS,DS,SS,ES) are provided allowing simple 
memory partitioning to aid construction of modular pro- 
grams. Finally, it has a 16-bit instruction pointer and a 
16-bit status register. 

Physical memory addresses are generated by the 80186 
identically to the 8086. The 16-bit segment value is left 
shifted 4 bits and then is added to an offset value which 
is derived from combinations of the pointer registers, the 
instruction pointer, and immediate values (see Figure 
2). Any carry out of this addition is ignored. The result 
of this addition is a 20-bit physical address which is pre- 
sented to the system memory. 

The 80186 has a 16-bit ALU which performs 8 or 16-bit 
arithmetic and logical operations. It provides for data 
movement among registers, memory and I/O space. In 
addition, the CPU allows for high speed data transfer 
from one area of memory to another using string move 
instructions, and to or from an I/O port and memory us- 
ing block I/O instructions. Finally, the CPU provides a 



wealth of conditional branch and other control 
instructions. 

In the 801 86, as in the 8086, instruction fetching and in- 
struction execution are performed by separate units: the 
bus interface unit and the execution unit, respectively. 
The 80186 also has a 6-byte prefetch queue as does the 
8086. The 801 88 has a 4-byte prefetch queue as does the 
8088. As a program is executing, opcodes are fetched 
from memory by the bus interface unit and placed in this 
queue. Whenever the execution unit requires another in- 
struction, it takes it out of the queue. Effective processor 
throughput is increased by adding this queue, since the 
bus interface unit may continue to fetch instructions 
while the execution unit executes a long instruction. 
Then, when the CPU completes this instruction, it does 
not have to wait for another instruction to be fetched 
from memory. 

2.2 80186 CPU Enhancements 

Although the 80186 is completely object code compati- 
ble with the 8086, most of the 8086 instructions require 
fewer clock cycles to execute on the 80186 than on the 
8086 because of hardware enhancements in the bus in- 
terface unit and the execution unit. In addition, the 
80186 provides many new instructions which simplify 
assembly language programming, enhance the perfor- 
mance of high level language implementations, and re- 
duce object code sizes for the 80186. These new 
instructions are also included in the 80286. A complete 
description of the architecture and instruction execution 
of the 80186 can be found in volume I of the 
iAPX86/186 users manual. The algorithms for the new 
instructions are also given in appendix H of this note. 
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Figure 2. Physical Address Generation in the 80186 
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2.3 DMA Unit 

The 80186 includes a DMA unit which provides two 
high speed DMA channels. This DMA unit will perform 
transfers to or from any combination of I/O space and 
memory space in either byte or word units. Every DMA 
cycle require&/two to four bus cycles, one or two to fetch 
the data to an internal register, and one or two to deposit 
the data. This allows word data to be located on odd 
boundaries, or byte data to be moved from odcl locations 
to even locations. This is normally difficult, since odd 
data bytes are transferred on the upper 8 data bits of the 
16-bit data bus, while even data bytes are transferred on 
the lower 8 data bits of the data bus. 

Each DMA channel maintains independent 20-bit 
source and destination pointers which are used to access 
the source and destination of the data transferred. Each 
of these pointers may independently address either I/O 
or memory space. After each DMA cycle, the pointers 
may be independently incremented, decremented, or 
maintained constant. Each DMA channel also main- 
tains a transfer count which may be used to terminate a 
series of DMA transfers after a pre-programmed num- 
ber of transfers. 

2.4 Timers 

The 80186 includes a timer unit which contains 3 inde- 
pendent 16-bit timer/counters. Two of these timers can 
be used to count external events, to provide waveforms . 
derived from either the CPU clock or an external clock 
of any duty cycle, or to interrupt the CPU after a speci- , 
fied number of timer "events." The third timer counts 
only CPU clocks and can be used to interrupt the CPU 
after a programmable number of CPU clocks, to give a 
count pulse to either or both of the other two timers after 
a programmable number of CPU clocks, or to give a 
DMA request pulse to the integrated DMA unit after a 
programmable number of CPU clocks. 

2.5 Interrupt Controller 

The 80186 includes an interrupt controller. This control- 
ler arbitrates interrupt requests between all internal and 
external sources. It can be directly cascaded as the mas- 
ter to two external 8259A interrupt controllers. In addi- 
tion, it can be configured as a slave controller to an 
external interrupt controller to allow complete compati- 
bility with an 80130, 80150, and theiRMX® 86 operat- 
ing system. 

2.6 Clock Generator 

The 801 86 includes a clock generator and crystal oscilla- 
tor. The crystal oscillator can be used with a parallel res- 
onant, fundamental mode crystal at 2X the desired CPU 
clock speed (i.e., 16 MHz for an 8 MHz 80186), or with 
an external oscillator also at 2X the CPU clock. The out- 
put of the oscillator is internally divided by two to pro- 
vide the 50% duty cycle CPU clock from which all 
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801 86 system timing derives. The CPU clock is external- 
ly available, and all timing parameters are referenced to 
this externally available signal. The clock generator also 
provides ready synchronization for the processor. 



2.7 Chip Select and Ready Generation Unit 

The 80186 includes integrated chip select logic which 
can be used to enable memory or peripheral devices. Six 
output lines are used for memory addressing and seven 
output lines are used for peripheral addressing. 

The memory chip select lines are split into 3 groups for 
separately addressing the major memory areas in a typi- 
cal 8086 system: upper memory for reset ROM, lower 
memory for interrupt vectors, and mid-range memory 
for program memory. The size of each of these regions is 
user programmable. The starting location and ending 
location of lower memory and upper memory are fixed 
at 00000H and FFFFFH respectively; the starting loca- 
tion of the mid-range memory is user programmable. 

Each of the seven peripheral select lines address one of 
seven contiguous 128 byte blocks above a programmable 
base address. This base address can be located in either 
memory or I/O space in order that peripheral devices 
may be I/O or memory mapped. 

Each of the programmed chip select areas has associated 
with it a set of programmable ready bits. These ready 
bits control an integrated wait state generator. This al- 
lows a programmable number of wait states (0 to 3) to 
be automatically inserted whenever an access is made to 
the area of memory associated with the chip select area. 
In addition, each set of ready bits includes a bit which 
determines whether the external ready signals (ARDY 
and SRDY) will be used, or whether they will be ignored 
(i.e., the bus cycle will terminate even though a ready 
has not been returned on the external pins). There are 5 
total sets of ready bits which allow independent ready 
generation for each of upper memory, lower memory, 
mid-range memory, peripheral devices 0-3 and peripher- 
al devices 4-6. 



2.8 Integrated Peripheral Accessing 

The integrated peripheral and chip select circuitry is 
controlled by sets of 16-bit registers accessed using stan- 
dard input, output, or memory access instructions. 
These peripheral control registers are all located within 
a 256 byte block which can be placed in either memory 
or I/O space. Because they are accessed exactly as if 
they were external devices, no new instruction types are 
required to access and control the integrated peripher- 
als. For more information concerning the interfacing 
and accessing of the integrated 80186 peripherals not in- 
cluded in this note, please consult the 80186 data sheet, 
or volume II of the iAPX86/ 1 86'users manual. 
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3. USING THE 80186 

3.1 Bus Interfacing to the 80186 
3.1.1 OVERVIEW 

The 80186 bus structure is very similar to the 8086 bus 
structure. It includes a multiplexed address/data bus, 
along with various control and status lines (see Table 1). 
Each bus cycle requires a minimum of 4 CPU clock cy- 
cles along with any number of wait states required to ac- 
commodate the speed access limitations of external 
memory or peripheral devices. The bus cycles initiated 
by the 80186 CPU are identical to the bus cycles initiat- 
ed by the 80186 integrated DMA unit. 

In the following discussion, all timing values given are 
for an 8 MHz 80186. Future speed selections of the part 
may have different values for the various parameters. 

Each clock cycle of the 80186 bus cycle is called a "T" 
state, and are numbered sequentially T 1? T 2 , T 3 , T w and 
T 4 . Additional idle T states (Tj) can occur between T 4 
and Tj when the processor requires no bus activity (in- 
struction fetches, memory writes, I/O reads, etc.). The 
ready signals control the number or wait states (T w ) in- 
serted in each bus cycle. This number can vary from 0 to 
positive infinity. 
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Figure 3. T-state in the 80186 

The beginning of a T state is signaled by a high to low 
transition of the CPU clock. Each T state is divided into 
two phases, phase 1 (or the low phase) and phase 2 (or 
the high phase) which occur during the low and high lev- 
els of the CPU clock respectively (see Figure 3). ' 

Different types of bus activity occur for all of the T- 
states (see Figure 4). Address generation information 
occurs during T b data generation during T 2 , T„ T w and 



T3» T w 




Figure 4. Example Bus Cycle of the 80186 



Table 1. 80186 Bus Signals 



Function 


Signal Name 


address/data 


AD0-AD15 


address/status 


A16/S3-A19-S6,BHE/S7 


co-processor control 


TEST 


local bus arbitration 


HOLD,HLDA 


local bus control 


ALE,RD,WR,DT/R,DEN 


multi-master bus 


LOCK 


ready (wait) interface 


SRDY,ARDY 


status information 


S0-S2 
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T 4 . The beginning of a bus cycle is signaled by the status 
lines of the processor going from a passive state (all 
high) to an active state in the middle of the T-state im- 
mediately before T x (either a T 4 or a Tj). Because infor- 
mation concerning an impending bus cycle occurs 
during the T-state immediately before the first T-state of 
the cycle itself, two different types of T 4 and Tj can be 
generated: one where the T state is immediately fol- 
lowed by a bus cycle, and one where the T state is imme- 
diatly followed by an idle T state. 

During the first type of T 4 or Tj, status information con- 
cerning the impending bus cycle is generated for the bus 
cycle immediately to follow. This information will be 
available no later than t CHSV (55ns) after the low- to- 
high transition of the 80186 clock in the middle of the T 
state. During the second type of T 4 or Tj the status out- 
puts remain inactive (high), since no bus cycle is to be 
started. This means that the decision per the nature of a 
T 4 or Tj state (i.e., whether it is immediately followed by 
a Tj or a Tj) is decided at the beginning of the T-state 
immediately preceding the T 4 or Tj (see Figure 5). This 
has consequences for the bus latency time (see section 
3.3.2 on bus latency). 

3.1.2 PHYSICAL ADDRESS GENERATION 

Physical addresses are generated by the 801 86 during T { 
of a bus cycle. Since the address and data lines are mul- 
tiplexed on the same set of pins, addresses must be 



latched during Tj if they are required to remain stable 
for the duration of the bus cycle. To facilitate latching of 
the physical address, the 80186 generates an active high 
ALE (Address Latch Enable) signal which can be di- 
rectly connected to a transparent latch's strobe input. 

Figure 6 illustrates the physical address generation pa- 
rameters of the 80186. Addresses are guaranteed valid 
no greater then t CLAV (44ns) after the beginning of T 1} 
and remain valid at least t CLAX (10ns) after the end of 
Tj. The ALE signal is driven high in the middle of the T 
state (either T 4 or Tj) immediately preceding T x and is 
driven low in the middle of T u no sooner than t AV AL 
ns) after addresses become valid. This parameter 
(t AVAL ) is required to satisfy the address latch set-up 
times of address valid until strobe inactive. Addresses 
remain stable on the address/data bus at least t LLAX (30 
ns) after ALE goes inactive to satisfy address latch hold 
times of strobe inactive to address invalid. 

Because ALE goes high long before addresses become 
valid, the delay through the address latches will be chief- 
ly the propagation delay through the latch rather than 
the delay from the latch strobe, which is typically longer 
than the propagation delay. For the Intel 8282 latch, this 
parameter is ti V ov» tne input valid to output valid delay 
when strobe is held active (high). Note that the 80186 
drives ALE high one full clock phase earlier than the 
8086 or the 8288 bus controller, and keeps it high 
throughout the 8086 or 8288 ALE high time (i.e., the 
80186 ALE pulse is wider). 




Figure 5. Active-Inactive Status Transitions in the 80186 
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NOTES: 

1. tc HLH : Clock high to ALE high =35 ns max 

2. tcLAv-' Clock low to address valid =44 ns max 

3. tcmjj Clock high to ALE low =35 ns max 

4. tcLAx". Clock low to address invalid (address hold from clock low)=10 ns 

min 

5. t LLAX : ALE low to address invalid (address hold from ALE) =30 ns min 

6. t AVAL : Address valid to ALE low (address setup to ALE) =30 ns min 



Figure 6. Address Generation Timing of the 80186 



A typical circuit for latching physical addresses is shown 
in Figure 7. This circuit uses 3 8282 transparent octal 
non-inverting latches to demultiplex all 20 address bits 
provided by the 80186. Typically, the upper 4 address 
bits are used only to select among various memory com- 
ponents or subsystems, so when the integrated chip se- 



lects (see section 8) are used, these upper bits need not 
be latched. The worst case address generation time from 
the beginning of T l (including address latch propaga- 
tion time (t IV ov) °f tne I nte l 8282) for the circuit is: 

tcLAV (44ns) + t IVOV (30ns) - 74ns 
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Figure 7. Demultiplexing the Address Bus of the 80186 
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Many memory or peripheral devices may not require ad- 
dresses to remain stable throughout a data transfer. Ex- 
amples of these are the 80130 and 80150 operating 
system firmware chips, and the 2186 8K x 8 iRAM. If a 
system is constructed wholly with these types of devices, 
addresses nee^i not be latched. In addition, two of the pe- 
ripheral chip select outputs of the 80186 may be config- 
ured to provide latched Al and A2 outputs for 
peripheral register selects in a system which does not de- 
multiplex the address/data bus. 

One mor e sign al is generated by the 80186 to address 
memory: BHE (Bus High Enable). This signal, along 
with AO, is used to enable byte devices connected to ei- 
ther or both halves (bytes) of the 16-bit data bus (see 
section 3.1 .3 on data bus operation section). Because AO 
is used only to enable devices onto the lower half of the 
data bus, memory chip address inputs are usually driven 
by address bits A1-A19, NOT A0-A19. This provides 
512K unique word addresses, or 1M unique BYTE 
addresses. 

Of course, BHE is not present on the 8 bit 80188. All 
data transfers occur on the 8 bits of the, data bus. 

3.1.3 80186 DATA BUS OPERATION 

Throughout T 2 , T 3 , T^ and T 4 of a bus cycle the multi- 
plexed address/data bus becomes a 16-bit data bus. 
Data transfers on this bus may be either in bytes or in 
words. All memory is byte addressable, that is, the upper 
and lower byte of a 16-bit word each have a unique byte 
address by which they may be individually accessed, 
even though they share a common word address (see 
Figure 3-6). 

All bytes with even addresses (AO = 0) reside on the 
lower 8 bits of the data bus, while all bytes with odd ad- 
dresses (AO = 1) reside on the upper 8 bits of the data 
bus. Whenever a n acc ess is made to only the even byte, 
AO is driven low, BHE is driven high, and the data trans- 
fer occurs on D0-D7 of the data bus. Whenever an ac- 



cess is made to only the odd byte, BHE is driven low, AO 
is driven high, and the data transfer occurs on D8-D15 
of the data bus. Finally, if a wo rd acc ess is performed to 
an even address, both AO and BHE are driven low and 
the data transfer occurs on D0-D15. 

Word accesses are made to the addressed byte and to the 
next higher numbered byte. If a word access is per- 
formed to an odd address, two byte accesses must be per- 
formed, the first to access the odd byte at the first word 
address on D8-D15, the second to access the even byte 
at the next sequential word address on D0-D7. For ex- 
ample, in Figure 8, byte 0 and byte 1 can be individually 
accessed (read or written) in two separate bus cycles 
(byte accesses) to byte addresses 0 and 1 at word address 
0. They may also be accessed together in a single bus cy- 
cle (word access) to word address 0. However, if a word 
access is made to address 1, two bus cycles will be re- 
quired, the first to access byte 1 at word address 0 (note 
byte 0 will not be accessed), and the second to access 
byte 2 at word address 2 (note byte 3 will not be ac- 
cessed). This is why all word data should be located at 
even addresses to maximize processor performance. 

When byte reads are made, the data returned on the half 
of the data bus not being accessed is ignored. When byte 
writes are made, the data driven on the half of the data 
bus not being written is indeterminate. 

3.1 .4 80188 DATA BUS OPERATION 

Because the 80188 externally has only an 8 bit data bus, 
the above discussion about upper and lower bytes of the 
data bus does not apply to the 80188. No performance 
improvement will occur if word data is placed on even 
boundaries in memory space. All word accesses require 
two bus cycles, the first to access the lower byte of the 
word; the second to access the upper byte of the word. 

Any 80188 access to the integrated peripherals must be 
done 16 bits at a time: thus in this special case, a word 
access will occur in a single bus cycle in the 80188. The 
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Figure 8. Physical Memory Byte/Word Addressing in the 80186 
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external data bus will record only a single byte being 
transferred, however. 



3.1 .5 GENERAL DATA BUS OPERATION 

Because of the bus drive capabilities of the 80186 
(200pF, sinking 2mA, sourcing 400uA, roughly twice 
that of the 8086), this bus may not require additional 
buffering in many small systems. If data buffers are not 
used in the system, care should be taken not to allow bus 
contention between the 80186 and the devices directly 
connected to the 80186 data bus. Since the 80186 floats 
the address/data bus before activating any command 
lines, the only requirement on a directly connected de- 
vice is that it floats its output drivers after a read BE- 
FORE the 801 86 begins to drive address information for 
the next bus cycle. The parameter of interest here is the 
minimum time from RD inactive until addresses active 
for the next bus cycle (t RHAV ) which has a minimum val- 
ue of 85ns. If the memory or peripheral device cannot 
disable its output drivers in this time, data buffers will 
be required to prevent both the 801 86 and the peripheral 
or memory^evice from driving these lines concurrently. 
Note, this r)arameter is unaffected by the addition of 
wait states. Data buffers solve this problem because 
their output float times are typically much faster than 
the 80186 required minimum. 

If buffers are required, the 80186 provides a DEN (Data 
ENable) and; DT/R (Data Trans mit /R eceive) signals 
to simplify buffer interfacing. The DEN and DT/R sig- 



nals are activated during all bus cycles, whethe r or not 
the cycle addresses buffered devices. The DEN signal is 
driven low whenever the processor is either ready to re- 
ceive data (during a read) or when the processor is ready 
to send data (during a write) (that is, any time during an 
active bus cycle when address information is not being 
gen erated on the address/data pins). In most systems, 
the DEN signal should NOT be directly connected to 
the OE input of buffers, since unbuffered devices (or 
other buffers) may be dir ectly c onnected to the proces- 
sor's address/data pins. If DEN were directly connected 
to several buffers, contention would occur during read 
cycles, as many devices attempt to drive the processor 
bus. Rather, it should be a factor (along with the chip se- 
lects for buffered devices) in generating the output en- 
able input of a bi-directional buffer. 

The DT/R signal determines the direction of data prop- 
agation through the bi- directional bus buffers. It is high 
whenever data is being driven out from the processor, 
and is low whenev er data is being read into the processor. 
Unlike the DEN signal, it may be directly connected to 
bus buffers, since this signal does not usually directly en- 
able the output drivers of the buffer. An example data 
bus subsystem supporting both buffered and unbuffered 
devices is shown in Figure 9. Note that the A side of the 
8286 buffer is connected to the 80186, the B side to the 
external device. The B side of the buffer has greater 
drive capacity than the A side (since it is meant to drive 
much greater loads). The DT/R signal can directly 
drive the T (transmit) signal of the buffer, since it has 
the correct polarity for this configuration. 
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figure 9. Example 80186 Buffered/Unbuffered Data Bus 
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DATA FROM MEMORY 

i OR I/O 



1 . t CLAZ : Clock low until address float =35 ns max 

2. t CLRl : Clock low until RD active = 70 ns max 

3. t AZRL : Address float until RD active = 0 ns min 

4. t DVCL : Data valid until clock low (data input set-up time) = 20 ns min* 

5. t CLDX : Clock low until data invalid ^data input hold time from clock) — 10 

ns min* _ 
6- t CLRH : Clock low until RD high = 10 ns min 

7. t RHAV : RD high until addresses valid = 85 ns min 

8. t RHDX : Read high until data invalid (data input hold from RD) = Ons min* 
* Input requirements of 80186, all others are output characteristics 



Figure 10. Read Cycle Timing of the 80186 



3.1.8 CONTROL SIGNALS 

The 80186 dire ctly pro vides the control signals RD, 
WR, LOCK and TEST In addition, the 80186 provides 
the status signals S0-S2 and S6 from which all other re- 
quired bus control signals can be generated. 

3.1.6.1 RD and WR 

The RD and WR signals strobe data to or from memory 
or I/O space. The RD signal is driven low off the begin- 
ning of T 2 , and is driven high off the beginning ofT 4 dur- 
ing all memory and I/O reads (see Figure 10). RD will 
not become active until the 801 86 has ceased driving ad- 
dress information on the address/data bus. Data is sam- 
pled into the processor at the beginning of T 4 . RD will 
not go inactive until the processor's data hold time 
(10ns) has been satisfied, 



Note that the 80186 does not provide separate I/O and 
memory RD signals. If separate I/O read and memory 
read signals are required, they can be synthesized using 
the S2 signal (which is low for all I/O operations and 
high for all memory operations) and the RD signal (see 
Figure 1 IJ^ It should be noted that if this approach is 
used, the S2 signal will require latching, since the S2 sig- 
nal (like SO and SI) goes to a passive state well before 
the beginning of T 4 (where RD goes inactive). If S2 was 
directly used for this purpose, the type of read command 
(I/O or memory) could change just before T 4 as S2 goes 
to the passive state (high). The status signals may be 
latched using ALE in an identical fashion as is used to 
latch the address signals (often using the spare bits in 
the address latches). 



the address latches). 
Often the lack of a seperate I/O and memory RD signal 




Figure 11. Generating I/O and Memory Read Signals from the 60186 
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is not important in an 80186 system. Each of the 80186 
chip select signals will respond on only one of memory or 
I/O accesses (the memory chip selects respond only to 
accesses memory space; the peripheral chip selects can 
respond to accesses in either I/O or memory space, at 
programmer option). Thus, the chip select signal en- 
ables the external device only during accesses to the 
proper address in the proper space. 

The WR signal is also driven low off the beginningjrf T 2 
and driv en hig h off the beginning of T 4 . Like the RD sig- 
nal, the WR signal is active for all memory and I/O 
writes, and also like the RD signal, separate I/O and 
memory writes may be ge nerated using the latched S2 
signal along with the WR signal (see Figure 12). More 



importantly, how ever, is the active going edge of write. 
At the time WR makes its active (high to low) transi- 
tion, valid write data is NOT present on the data bus. 
This has consequences when using this signal as a write 
enable signal for DRAMs and iRAMs since both of 
these devices require that the write data be stable on the 
dat a bus at the time of the inactive. to active transition of 
the WE signal. In DRAM applications, this problem is 
solved by a DRAM controller (such as the Intel 8207 or 
8203), while with iRAMs this problem may be solved by 
placing cross-coupled NAN D gates between the CPU 
and the iRAMs on the WR line (see Figure 13). This 
will delay the active going edge of the WR signal to the 
iRAMs by a clock phase, allowing valid data to be driv- 
en onto the data bus. 
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1 . t^LDv" Clock low until data valid = 44 ns max 

2. t CVCTV : Clock low until WR active = 70 ns max 

3. t CVCTX : Clock low until WR inactive = 55 ns max 

4. t CHDX : Clock high until data invalid = 10 ns min 

5. WR inactive until data invalid = t CLCH min — tcvcrx + *chdx 

= 55 — 55 + 10 
= 10 ns 



Figure 12. Write Cycle Timing of the 80186 
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Figure 13. Synthesizing Delayed Write from the 80186 
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3. 1 .6.2 Queue Status Signals ^ 

If the RD line is externally grounded during reset and 
remains grounded during processor operation, the 
80186 will ente r "queue status" mode. When in this 
mode, the WR and ALE signals become queue status 
outputs, reflecting the status of the internal prefetch 
queue during each clock cycle. These signals are pro- 
vided to allow a processor extension (such as the Intel 
8087 floating point processor) to track execution of in- 
structions within the 8 0186. The interpretation of QSO 
(ALE) and QS1 (WR) are given in Table 2. These sig- 
nals change on the high-to-low clock transition, one 
clock phase earlier than on the 8086. Note that since ex- 
ecution unit operation is independent of bus interface 
unit operation, queue status lines may change in any T 
state. 



Table 2. 80186 Queue Status 



QS1 


QSO 


Interpretation 


0 


0 


no operation 


0 


1 


first byte of instruction taken 






from queue 


1 


0 


queue was reinitialized 


1 


1 


subsequent byte of instruction 






taken from queue 



Since the ALE, RD, and WR signals are not directly 
available from the 80186 when it is configured in queue 
status mode, these signals must be derived from the sta- 
tus lines S0-S2 using an external 8288 bus controller 
(see below). To prevent the 80186 from accidentally en- 
tering queue status mode during reset, the RD line is in- 
ternally provided with a weak pullup device. RD is the 
ONLY three-state or input pin on the 80186 which is 
supplied with a pullup or pulldown device. 

3.1.6.3 Status Lines 

The 80186 provides 3 status outputs which are used to 
indicate the type of bus cycle currently being executed. 
These signals go from an inactive state (all high) to one 
of seven possible active states during the T state immedi- 
ately preceding Tj of a bus cycle (see Figure 5). The pos- 
sible status line encodings and their interpretations are 
given in Table 3. The status lines are driven to their inac- 
tive state in the T state (T 3 or T w ) immediately preced- 
ing T 4 of the current bus cycle. 

The status lines may be directly connected to an 8288 
bus controller, which can be used to provide local bus 
control signals or multi-bus control signals (see Figure 
14). Use of the 8288 bus controll er doe s not preclude the 
use of the 80186 generated RD, WR and ALE signals, 
however. The 80186 directly generated signals may be 
used to provide local bus control signals, while an 8288 is 
used to provide multi-bus control signals, for example. 
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Figure 14. 80186/8288 Bus Controller 
Interconnection 



Table 3. 80186 Status Line Interpretation 



S2 


S1 


S2 


Operation 


0 


0 


0 


interrupt acknowledge 


0 


0 


1 


read I/O 


0 


1 


0 


write I/O 


0 


1 


1 


halt 


1 


0 


0 


instruction fetch 


1 


0 


1 , 


read memory 


1 


1 


0 


write memory 


1 


1 


1 


passive 



The 80186 provides two additio nal status signals: S6 
and S7. S7 is equivalent to B HE (se e sectio n 3.1.2) and 
appears on the same pin as BHE. BHE/S7 changes 
state, reflecting the bus cycle about to be run, in the mid- 
dle of the T state (T 4 or Tj) im media tely preceding T! of 
the bus cycle. This means that BHE/S7 does n ot nee d to 
be latched, i.e., it may be used directly as the BHE sig- 
nal. S6 provides information concerning the unit gener- 
ating the bus cycle. It is time multiplexed with A 19, and 
is available during T 2 , T 3 , T 4 and T w . In the 8086 family, 
all central processors (e.g., the 8086, $088 and 8087) 
drive this line low, while all I/O processors (e.g., 8089) 
drive this line high during their respective bus cycles. 
Following this scheme, the 80186 drives this line low 
whenever the bus cycle is generated by the 80186 CPU, 
but drives it high when the bus cycle is generated by the 
integrated 80186 DMA unit. This allows external de- 
vices to distinguish between bus cycles fetching data for 
the CPU from those transfering data for the DMA unit. 

Three other status signals are available on the 8086 but 
not on the 80186. They are S3, S4, and S5. Taken to- 
gether, S3 and S4 indicate the segment register from 
which the current physical address derives. S5 indicates 
the state of the interrupt flip-flop. On the 80186, these 
signals will ALWAYS be low. 



3.1.6.4 TEST and LOCK , 

Finally, the 80186 provides a TEST input and a LOCK 
output/The TEST input is used in conjunction with the 
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processor WAIT instruction. It is typically driven by a 
processor extension (like the 8087) to indicate whether 
it is busy. Then, by executing the WAIT (or FWAIT) in- 
struction, the central processor may be forced to tempo- 
rarily suspend program execution until the pr ocessor 
extension indicates that it is idle by driving the TEST 
line low. 

The LOCK output is driven low whenever the data cy- 
cles of a LOCKED instruction are executed. A 
LOCKED instruction is generated whenever the LOCK 
prefix occurs immediately before an instruction. The 
LOCK prefix is active for the single instruction immedi- 
ately following the LOCK prefix. This signal is used to 
indicate to a bus arbiter (e.g., the 8289) that a series of 
locked data transfers is occurring. The bus arbiter 
should under no circumstances release the bus while 
locked transfers are occurring. The 80186 will not rec- 
ognize a bus HOLD, nor will it allow DMA cycles to be 
run by the integrated DMA controller during locked 
data transfers. LOCKED transfers are used in multi- 
processor systems to access memory based semaphore 
variables which control access to shared system re- 
sources (see AP-106, "Multiprogramming with the 
iAPX88 and iAPX86 Microsystems/' by George Alexy 
(Sept. 1980)). 

On the 80186, the LOCK signal will go active during T } 
of the first DATA cycle of the locked transfer. It is driv- 
en inactive 3 T-states after the beginning of the last 
DATA cycle of the locked transfer. Oh the 80$6, the 
LOCK signal is activated immediately after the LOCK 
prefix is executed. The LOCK prefix may be executed 
well before the processor is prepared to perform the 
locked data transfer. Th is has t he unfortunate Conse- 
quence of activating the LOCK signal b efore the first 
LOCKED data cycle is performed. Since LOCK is ac- 
tive before the processor requires the bus for the data 
transfer, opcode pre-fetching can be LOC KED. H owev- 
er, since the 80186 does not activate the LOCK signal 
until the processor is ready to actually perform the 
locked transfer, locked pre-fetching will not occur with 
the 80186. 

Note that the LOCK signal does not remain active until 
the end of the last data cycle of the locked transfer. This 
may cause problems in some systems if, for example, the 
processor requests memory access from a dual ported 
RAM array and is denied immediate access (because of 
a DRAM refresh cycle, for example). When the proces- 
sor finally is able to gain ac cess to t he RAM array, it 
may have already dropped its LOCK signal, thus allow- 
ing the dual port controller to give the other port access 
to the RAM array instead . An example circuit which 
can be used to hold LOCK active until a RDY has been 
received by the 80186 is shown in Figure 15. 

3.1.7 HALT TIMING 

A HALT bus cycle is used to signal the World that the 



80186 CPU has executed a HLT instruction. It differs 
from a normal bus cycle in two important ways. 
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Figure 15. Circuit Holding Lock Active Until 
Ready is Returned 

The first way in which a HALT bus cycle differs from a 
normal bus cycle is that since the processor is enter ing a 
halted state, none of the control lines (RD or WR) will 
be driven active. Address and data information will not 
be driven by the processor, and no data will be returned. 
The second way a HALT bus cycle differs from a normal 
bus cycle is that the S0-S2 status lines go to their passive 
state (all high) during T 2 of the bus cycle, well before 
they go to their passive state during a normal bus cycle. 

Like a normal bus cycle, however, ALE is driven active. 
Since no valid address information is present, the infor- 
mation strobed into the address latches should be ig- 
nored. This ALE pulse can be used, however, to latch the 
HALT status from the S0-S2 status lines. 

The processor being halted does not interfere with the 
operation of any of the 80186 integrated peripheral 
units. This means that if a DMA transfer is pending 
while the processor is halted, the bus cycles associated 
with the DMA transfer will run. In fact, DMA latency 
time will improve while the processor is halted because 
the DMA unit will not be contending with the processor 
for access to the 80186 bus (see section 4.4.1). 

3.1.8 8288 AND 8289 INTERFACING 

The 8288 and 8289 are the bus controller and multi- 
master bus arbitration devices used with the 8086 and 
8088. Because the 80186 bus is similar to the 8086 bus, 
they can be directly used with the 80186. Figure 16 
shows an 80186 interconnection to these two devices. 

The 8288 bus contr oller g enerates control signals (RD, 
WR, ALE, DT/R, DEN, etc.) for an 8086 maximum 
mode system. It derives its information by decoding sta- 
tus lines S0-S2 of the processor. Because the 80186 and 
the 8086 drive the same status information on these 
lines, the 80186 can be directly connected to the 8288 
just as in an 8086 system. Using the 8288 with the 80186 
does not prevent using the 80186 control signals directly. 
Many systems require both local bus control signals and 
system bus control signals. In this type of system, the 
80186 lines could be used as the local signals, with the 
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Figure 16. 80186/8288/8289 Interconnection 

8288 lines used as the system signals. Note that in an 
801 86 system, the 8288 generated ALE pulse occurs lat- 
er than that of the 80186 itself. In many multimaster 
bus systems, the 8288 ALE pulse should be used to 
strobe the addresses into the system bus address latches 
to insure that the address hold times are met. 

The 8289 bus arbiter arbitrates the use of a multi-mas- 
ter system bus among various devices each of which can 
become the bus master. This component also decodes 
status lines S0-S2 of the processor directly to determine 
when the system bus is required. When the system bus is 
required, the 8289 forces the processor to wait until it 



has acquired control of the bus, then it allows the proces- 
sor to drive address, data and control information onto 
the system bus. The system determines when it requires 
system bus resources by an address decode. Whenever 
the address being driven coincides with the address of an 
on-board resource, the system bus is not required and 
thus will not be requested. The circuit shown factors the 
801 86 chip select lines to determine when the system bus 
should be requested, or when the 80186 request can be 
satisfied using a local resource. 

3.1.9 READY INTERFACING 

The 80186 provides two ready lines, a synchronous 
ready (SRDY) line and an asynchronous ready 
(ARDY) line. These lines signal the processor to insert 
wait states (T w ) into a CPU bus cycle. This allows slower 
devices to respond to CPU service requests (reads or 
writes). Wait states will only be inserted when both 
ARDY and SRDY are low, i.e., only one of ARDY or 
SRDY need be active to terminate a bus cycle. Any 
number of wait states may be inserted into a bus cycle. 
The 80 186 will ignore the RDY inputs during any ac- 
cesses to the integrated peripheral registers, and to any 
area where the chip select ready bits indicate that the 
external ready should be ignored. 

The timing required by the two RDY lines is different. 
The ARDY line is meant to be used with asynchronous 
ready inputs. Thus, inputs to this line will be internally 
synchronized to the CPU clock before being presented to 
the processor. The synchronization circuitry used with 
the ARL>Y line is shown in Figure 17. Figure 18A and 
1 8B show valid and invalid transitions of the ARDY line 
(and subsequent wait state insertion). The first flip-flop 
is used to "resolve" the asynchronous transition of the 
ARDY line. It will achieve a definite level (either high 
or low) before its output is latched into the second flip- 
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Figure 17. 



Asynchronous Ready Circuitry of the 80196 
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flop for presentation to the CPU. When latched high, it 
allows the level present on the ARDY line to pass direct- 
ly to the CPU; when latched low, it forces not ready to be 
presented to the CPU (see Appendix B for 80186 syn- 
chronizer information). 

With this scheme, notice that only the active going edge 
of the ARDY signal is synchronized. Once the synchro- 
nization flip-flop has sampled high, the ARDY input di- 
rectly drives the RDY flip-flop. Since inputs to this 
RDY flip-flop must satisfy certain setup and hold times, 
it is important that these setup and hold times (t ARY LCL 
= 35ns and t CHARY x = 15 ns respectively) be satisfied 



by any inactive going transition of the ARDY line. The 
reason ARDY is implemented in this manner is to allow 
a slow device the greatest amount of time to respond 
with a not ready after it has been selected. In a normally 
ready system, a slow device must respond with a not 
ready quickly after it has been selected to prevent the 
processor from continuing and accessing invalid data 
from the slow device. -By implementing ARDY in the 
above fashion, the slow device has an additional clock 
phase to respond with a not ready. 

If RDY is sampled active into the RDY flip-flop at the 
beginning of T 3 or T w (meaning that ARDY was sam- 




1 . No set-up or hold times required 

2. tQLARYx- Clock low to ARDY inactive (ARDY active hold time) = 15 ns min 




1 . t ARYHC H : ARDY va,id until c,ock hi 9 h ( ARDY inactive set-up time to clock 

high) = 20 ns min 

2. No set-up or hold time required ONLY if © is guaranteed 

3. t CLARYX : Clock low to ARDY inactive (ARDY active hold time) = 1 5 ns min 




1 . t ARYLCL : ARDY low to clock low (ARDY inactive set-up time to clock low) == 

35 ns min 

must be satisfied since synchronizing FLIP-FLOP has sampled 
active 

2. t ARYHCH : ARDY high to clock high (ARDY active set-up time) = 20 ns min 

must be satisfied ONLY to guarantee recognition at the next clock 
(i.e. to guarantee synchronizing FLIP-FLOP will sample ARDY 
active) 

3 - t cLARvx : Clock low to ARDY inactive (ARDY active hold time) = 15 ns 



Figure 18A. Valid ARDY Transitions 
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® LESS THAN 35 ns 



CLOCK 
OUT 




1 . Less than 20 ns 

2, Less than 35 ns 



Figure 18B. Invalid ARDY Transitions 



pled high into the synchronization flip-flop in the middle 
of a T state, and has remained high until the beginning 
of the next T state), that T state will be immediately fol- 
lowed by T 4 . If RDY is sampled low into the RDY flip- 
flop at the beginning of T 3 or T w (meaning that either 
ARDY was sampled low into the synchronization flip- 
flop OR that ARDY was sampled high into the synchro- 
nization flip-flop, but has subsequently changed to low 
before the ARDY setup time) that T state will be imme- 
diately followed by a wait state (T w ). Any asynchronous 
transition on the ARDY line not occurring during the 
above times, that is, when the processor is not "looking 
at" the ready lines, will not cause CPU malfunction. 



Again, for ARDY to force wait states to be inserted, 
SRDY must be driven low, since they are internally 
ORed together to form the processor RDY signal. 

The synchronous ready (SRDY) line requires that ALL 
transitions on this line during T 2 , T 3 or T w satisfy a cer- 
tain setup and hold time (t SRY cL ^ 35 ns and t CLSRY = 
15 ns respectively). If these requirements are not met, 
the CPU will not function properly. Valid transitions on 
this line, and subsequent wait state insertion is shown in 
Figure 19. The processor looks at this line at the begin- 
ning of each T 3 and T w . If the line is sampled, active at 
the beginning of either of these two cycles, that cycle will 




SRDY 



1 . Decision: Not ready, T-state will be followed by a wait state 

2. Decision: Ready, T-state will not be followed by a wait state 

3. t SRYCL : Synchronous ready stable until clock low (SRDY set-up 

time) = 35 ns min 

Clock low until synchronous ready transition (SRDY hold time) = 
15 ns min 



Figure 19. Valid SRDY transitions on the 80186 
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be immediately followed by T 4 . On ttie other hand, if the 
line is sampled inactive at the beginning of either of 
these two cycles, that cycle will be followed by a Any 
asynchronous transition on the SRD Y line not occurring 
at the beginning of T 3 or that is, when the processor 
is not "looking at" the ready lines will not cause CPU 
malfunction. 

3.1.10 BUS PERFORMANCE ISSUES 

Bus cycles occur sequentially, but do not necessarily 
come immediately one after another, that is the bus may 
remain idle for several T states (Tj) between each bus 
access initiated by the 80186. This occurs whenever the 
801 86 internal queue is full and no read/write cycles are 
being requested by the execution unit or integrated 
DMA unit. The reader should recall that a separate 
unit, the bus interface unit, fetches opcodes (including 
immediate data) from memory, while the execution unit 
actually executes the pre-fetched instructions. The num- 
ber of clock cycles required to execute an 801 86 instruc- 
tion vary from 2 clock cycles for a register to register 
move to 67 clock cycles for an integer divide. 

If a program contains many long instructions, program 
execution will be CPU limited, that is, the instruction 
queue will be constantly filled. Thus, the execution unit 
does not need to wait for an instruction to be fetched. If a 
program contains mainly short instructions or data 
move instructions, the execution will be bus limited. 
Here, the execution unit will be required to wait often 
for an instruction to be fetched before it continues its op- 
eration. Programs illustrating this effect and perfor- 
mance degradation of each with the addition of wait 
states are given in appendix G. 

All instruction fetches are word (16-bit) fetches from 
even addresses unless the fetch occurs as a result of a 
jump to an odd location. This maximizes the utilization 



of each bus cycle used for instruction fetching, since 
each fetch will access two bytes of information. It is also 
good programming practice to locate all word data at 
even locations, so that both bytes of the word may be ac- 
cessed in a single bus cycle (see discussion on data bus 
interfacing for further information, section 3.1.3 of this 
note). 

Although the amount of bus utilization, i.e., the percent- 
age of bus time used by the 80186 for instruction fetch- 
ing and execution required for top performance will vary 
considerably from one program to another, a typical in- 
struction mix on the 801 86 will require greater bus utili- 
zation than the 8086. This is caused by the higher 
performance execution unit requiring instructions from 
the prefetch queue at a greater rate. This also means 
that the effect of wait states is more pronounced in an 
80186 system than in an 8086 system. In all but a few 
cases, however, the performance degradation incurred 
by adding a wait state is less than might be expected be- 
cause instruction fetching and execution are performed 
by separate units. 

3.2 Example Memory Systems 

3.2.1 2764 INTERFACE 

With the above knowledge of the 80186 bus, various 
memory interfaces may be generated. One of the sim- 
plest of these is the example EPROM interface shown in 
Figure 20. 

The addresses are latched using the address generation 
circuit shown earlier. Note that the AO line of each 
EPROM is connected to the Al address line from the 
80186, NOT the AO line. Remember, AO only signals a 
data transfer on the lower 8 bits of the 16-bit data bus! 
The EPROM outputs are connected directly tothe ad- 
dress/data inputs of the 801 86, and the 801 86 RD signal 
is used as the OE for the EPROMs. 



ucs 




AD0-AD7 

AD8-AD15 — 



Figure 20. Example 2764/80186 Interface 
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The chip enable of the EPROM is driven directly by the 
chip select output of the 80186 (see section 8). In this 
configuration, the access time calculation for the 
EPROMs are: , 
time from 

address: (3 + N)*t CLCL ~t CLAV - t IVO v(8282) - t DVC L 

- 375 + (N * 125) - 44 - 30 - 20 

- 281 + (N* 125) ns 
time from 

chip select: (3 + N)*t CLCL - t CLCSV ~ t DV CL 

- 375 + (N* 125)- 66 - 20 

- 289 + (N * 125) ns 
time from 

RD(OE): (2 + N)t CLCL - 

tcLRL ^VCL 

= 250 + (N * 125) - 70 - 20 
= 160 + (N* 125) ns 

where: 

t CLAV = time from clock low in Tj until addresses 
are valid 

t CLCL = clock period of processor 

t IV0V = time from input valid of 8282 until output 
valid of 8282 



t DV cL — 186 data valid, input setup time until clock 
low time of T 4 

t CLCSV — time from clock low in Tj until chip selects 
are valid x 

t CLRL = time from clock low in T 2 until RD goes low 

N — number of wait states inserted 

Thus, for 0 wait state operation, 250ns EPROMs must 
be used. The only significant parameter not included 
above is t RHAV , the time from RD inactive (high) until 
the 80186 begins driving address information. This pa- 
rameter is 85ns, which meets the 2764-25 (250ns speed 
selection) output float time of 85ns. If slower EPROMs 
are used, a discrete data buffer MUST be inserted be- 
tween the EPROM data lines and the address/data bus, 
since these devices may continue to drive data informa- 
tion on the multiplexed address/data bus when the 
80186 begins to drive address information for the nertt 
bus cycle. 

3.2.2 2186 INTERFACE 

An example interface between the 80186 and 2186 
iRAMs is shown in Figure 21. This memory component 
is almost an ideal match with the 80186, because of its 
large integration, and its not requiring address latching. 
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Figure 21. Example 2186/80186 Interface 
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The 2186 internally is a dynamic RAM integrated with 
refresh and control circuitry. It operates in two modes, 
pulse mode and late cycle mode. Pulse mode is entered if 
the CE signal is low to the device a maxi mum of 1 30ns, 
and requires the command input (RD or WE) to go ac- 
tive within 90ns after CE. Because of these require- 
ments, interfacing the 80186 to the 2186 in pulse mode 
would be difficult. Instead, the late cycle mode is used. 
This affords a much simpler interface with no loss of 
performance. The iRAM automatically selects between 
these modes by the nature of the control signals. 

The 2186 is a leading edge triggered device. This means 
that address and data information are strobed into the 
device on the active going (high to low) tran sition of the 
command signal. This requires both CE and WR be de- 
layed until the address and data driven by the 801 86 are 
guaranteed stable. Figure 21 shows a simple circuit 
which can be used to perform this function. Note that 
ALE CANNOT be used to delay CE if addresses are not 
latched externally, because this would violate the ad- 
dress hold time required by the 2186 (30ns). 

Because the 2186s are RAMs, data bus enables (BHE 
and AO, see previous section) MUST be used to factor 
either the chip enables or write enables of the lower and 
upper bytes of the 16-bit RAM memory system. If this is 
not done, all memory writes, including single byte 
writes, will write to both the upper and lower bytes of the 
memory system. The example system shown uses BHE 
and AO as factors to the 2186 CE. This may b e done, be- 
cause both of these signals (AO and BHE) are valid 
when the address information is valid from the 80186. 

The 21 86 requires a certain amount of recovery time be- 
tween its chip enable going inactive and its chip enable 
going active insure proper operation. For a "normal" cy- 
cle (a read or write), this time is t EHEL = 40ns. This 
means that the 80186 chip select lines will go inactive 
soon enough at the end of a bus cycle to provide the re- 
quired recovery time even if two consecutive accesses are 
made to the iRA Ms. If the 21 86 CE is asserted without a 
command signal (WE or OE), a "False Memory Cycle" 
(FMC) will be generated. Whenever a FMC is generat- 
ed, the recovery time is much longer; another memory 
cycle must not be initiated for 200ns. As a result, if the 
memory system will generate FMCs, CE must be taken 
away in the middle of the T state (T 3 or T w ) immediately 
preceding T 4 to insure two consecutive cycles to the 
iRAM will not violate this parameter. Status going pas- 
sive (all high) can be used for this purpose. These lines 
will all go high during the first phase of the next to last T 
state (either T 3 or T w ) of a bus cycle (see section 3.1.5). 

Finally, since it is a dynamic device, the 2186 requires 
refresh cycles to maintain data integrity. The circuitry 
to generate these refresh cycles is integrated within the 
2186. Because of this, the 2186 has a ready line which is 
used to suspend processor operation if a processor RAM 



access coincides with an internally generated refresh cy- 
cle. This is an open collector output, allowing many of 
them to be wire-OR'ed together, since more than one de- 
vice may be accessed at at time. These lines are also nor- 
mally ready, which means that they will be high 
whenever the 2186 is not being accessed, i.e., they will 
only be driven low if a processor request coincides with 
an internal refresh cycle. Thus, the ready lines from the 
iRAM must be factored into the 80186 RDY circuit 
only during accesses to the iRAM itself. Since the 2186 
refresh logic operates asynchronously to the 80186, this 
RDY line must be synchronized for proper operation 
with the 80186, either by the integrated ready synchro- 
nizer or by an external circuit. The example circuit uses 
the integrated synchronizer associated with the ARDY 
processor input. 

The ready lines of the 2186 are active unless a processor 
access coincides with an internal refresh cycle. These 
lines must go inactive soon enough after a cycle is re- 
quested to insert wait states into the data c ycle . The 
2186 will drive this line low within 50ns after CE is re- 
ceived, which is early enough to force the 80186 to insert 
wait states if they are required. The primary concern 
here is that the ARDY line be driven not active before 
its setup time in the middle of T 2 . This is required by the 
nature of the asynchronous ready synchronization cir- 
cuitry of the 80186. Since the RDY pulse of the 2186 
may be as narrow as 50ns, if ready was returned after 
the first stage of the synchronizer, and subsequently 
changed state within the ready setup and hold time of 
the high to low going edge of the CPU clock at the end of 
T 2 , improper operation may occur (see section 3.1 .6). 

The example interface shown has a zero wait state RAM 
read access time from CE of: 

3 * tad ~ tcLCSV " (TTL delay) - t DVCL 
= 375 - 66 - 30 - 20 ns 
= 259 ns 

where: 

t CLCL = CPU clock cycle time 

t CLCSV = time from clock low in T x until chip selects 
are valid 

t DVCL = 801 86 data in setup time before clock low in 
T 4 

The data valid delay from OE active is less than 100ns, 
and is therefore not an access time limiter in this inter- 
face. Additionally, the 2186 data float time from RD in- 
active is less than the 85ns 80186 imposed maximum. 
The CE generation circuit shown in Figure 21 provides 
an address setup time of at least 11ns, and an address 
hold time of at least 35ns (assuming a maximum two 
level TTL delay of less than 30ns). 
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Write cycle address setup and hold times are identical to 
the read cycle times. The circuit shown provides at least 
11ns write data setup and 100ns data hold time from 
WE, easily meeting the 0ns setup and 40ns hold times 
required by the 2186. 

For more information concerning 2186 timing and in- 
terfacing, please consult the 2186 data sheet, or the ap- 
plication note AP-132, "Designing Memory Systems 
with the 8Kx8 iRAM" by John Fallin and William 
Righter(June 1982). 



3.2.3 8203 DRAM INTERFACE 

An example 8203/DRAM interface is shown in Figure 
22. The 8203 provides all required DRAM control sig- 
nals, address multiplexing, and refresh generation. In 
this circuit, the 8203 is configured to interface with 64K 
DRAMs. 



All 8203 cycles are generated off control signals (RD 
and WR) provided by the 80186. These signals will not 
go active until T 2 of the bus cycle. In addition, since the 
8203 clock (generated by the internal crystal oscillator 
of the 8203) is asynchronous to the 80186 clock, all 
memory requests by the 80186 must be synchronized to 
the 8203 before the cycle will be run. To minimize this 
synchronization time, the 8203 should be used with the 
highest speed crystal that will maintain DRAM com- 
patibility. Even if a 25 MHz crystal is used (the maxi- 
mum allowed by the 8203) two wait states will be 
required by the example circuit when using 150ns 
DRAMs with an 8 MHz 80186, three wait states if 
200ns DRAMs are used (see timing analysis, Figure 
23). 

The entire RAM array controlled by the 8203 can be se- 
lected by one or a group of the 80186 provided chip se- 
lects. These chip selects can also be used to insert the 
wait states required by the interface. 
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Figure 22. Example 8203/DRAM/80186 Interface 
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DATA 



DATA 



1 . t CLEL : Clock low until read low = 70 ns max 

2. t CR : Command active until RAS = 150 ns max* 

3. t cc : Command active until CAS = 245 ns max* 

4. tc AC : Access time from CAS = 85 ns max 

5. t, sou : Input to output delay = 30 ns max 

6. t DVCL : Data valid to clock low (data in set up) = 20 ns min 

Total Access Time = 70 + 245 +85 +30 +20 = 450 ns (3.6 T-states) 



®& (Dare 186 specs 
d> & <D are 8203 specs 
<§> is a 2164A-15 spec 
© is on 8282 spec 

* Assumes 25MHz 
8203 operation 



Figure 23. 8203/21 64A-1 5 Access Time Calculation 



Since the 8203 is operating asynchronously to the 
80186, the RDY output of the 8203 (used to suspend 
processor operation when a processor DRAM request 
coincides with a DRAM refresh cycle) must be synchro- 
nized to the 80186. The 80186 ARDY line is used to pro- 
vide the necessary ready synchronization. The 8203 
ready outputs operate in a normally not ready mode, 
that is, they are only driven active when an 8203 cycle is 
being executed, and a refresh cycle is not being run. This 
is fundamentally different than the normally ready 
mode use d by the 2186 iRAMs (see previous section). 
The 8203 SACK signal is presented to the 80186 only 
when t he DRAM is being accessed. Notice that the 
SACK output of the 8203 is used, rather than the 
XACK output. Since the 80186 will insert at least one 
full CPU clock cycle between the time RDY is sampled 
active, and th e time d ata must be present on the data 
bus, using the XACK signal would insert unnecessary 
additional wait states, since it does not indicate ready 
until valid data is available from the memory. 

For more information about 8 203 /DRAM interfacing 
and timing, please consult the 8203 data sheet, or 
AP97A, "Interfacing Dynamic RAM to iAPX86/88 



Systems Using the Intel 8202A and 8203" by Brad May 
(April 1982). 

3.2.4 8207 DRAM INTERFACE 

The 8207 advanced dual-port DRAM controller pro- 
vides a high performance DRAM memory interface 
specifically for 80186 or 80286 microcomputer systems. 
This controller provides all address multiplexing and 
DRAM refresh circuitry. In addition, it synchronizes 
and arbitrates memory requests from two different ports 
(e.g., an 80186 and a Multibus), allowing the two ports 
to share memory. Finally, the 8207 provides a simple in- 
terface to the 8206 error detection and correction chip. 

The simplest 8207 (and also the highest performance) 
interface is shown in Figure 24. This shows the 80186 
connected to an 8207 using the 8207 slow cycle, synchro- 
nous status interface. In this mode, the 8207 decodes the 
type of cycle to be run directly from the status lines of 
the 80186. In addition, since the 8207 CLOCKIN is 
driven by the CLOCKOUT of the 80186, any perfor- 
mance degradation caused by required memory request 
synchronization between the 80186 and the 8207 is not 
present. Finally, the entire memory array driven by the 
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8207 may be selected using one or a group of the 80186 
memory chip selects, as in the 8203 interface above. 




Figure 24. 80186/8207/DRAM Interface 



The 8207 AACK signal may be used to generate a syn- 
chronous ready signal to the 80186 in the above inter- 
face. Since dynamic memory periodically requires 
refreshing, 80186 access cycles may occur simulta- 
neously with an 8207 generat ed refres h cycle. When this 
occurs, the 8207 will hold the AACK line high until the 
processor initiated access is run (note, the sense of this 
line is reversed with respect to the 80186 SRDY input). 
This signal should be factored with the DRAM (8207) 
select input and used to drive the SRDY line of the 
80186. Remember that only one of SRDV and ARDY 
needs to be active for a bus cycle to be terminated. If 
asynchronous devices (e.g., a Multibus interface) are 
connected to the ARDY line with the 8207 Connected to 
the SRDY line, care must be taken in design of the ready 
circuit such that only one of the RDY lines is driven ac- 
tive at a time to prevent premature termination of the 
bus cycle. 

3.3 HOLD/HLDA Interface 

The 80186 employs a HOLD/HLDA bus exchange pro- 
tocol. This protocol allows other asynchronous bus mas- 
ter devices (i.e., ones which drive address, data, and 
control information on the bus) to gain control of the bus 
to perform bus cycles (memory or I/O reads or writes). 

3.3.1 HOLD RESPONSE 

In the HOLD/HLDA protocol, a device requiring bus 
control (e.g., an external DMA device) raises the 
HOLD line. In response to this HOLD request, the 
80186 will raise its HLDA line after it has finished its 
current bus activity. When the external device is finished 
with the bus, it drops its bus HOLD request. The 80186 
responds by dropping its HLDA line and resuming bus 
operation. 



When the 80186 recognizes a bus hold by driving 
HLDA high, it will float many of its signals (see F igure 
25). ADO - AD15 (address/data 0 - 15) and DEN (data 
enable) are floated within t CLAZ (35ns) after the same 
clock edge that HLD A is driven a ctive. A16-A19 (ad- 
dress_J6 - 19), RD, WR, BH E (Bus_Hjgh Enable), 
DT/R (Data Transmit/Receive) and SO - S2 (status 0 - 
2) are floated within t CHCZ (45ns) after the clock edge 
immediately before the clock edge on which HLDA 
comes active. 




Figure 25. Signal Float/HLDA Timing of the 80186 



Only the above mentioned signals are floated during bus 
HOLD. Of the signals not floated by the 80186, some 
have to do with peripheral functionality (e.g., TmrOut). 
Many others either directly or indirectly control bus de- 
vices. These signals are ALE (Address Latch E nable , 
see s e ction 3.1. 2) an d all the chip select lines (UCS, 
LCS, MCS0-3, and PCSO-6). The designer must be 
aware that the chip select circuitry does not look at ex- 
ternally generated addresses (see section 10 for a discus- 
sion of the chip select logic). Thus, for memory or 
peripheral devices which are addressed by external bus 
master devices, discrete chip select and ready generation 
logic must be used. 

3.3.2 HOLD/HLDA TIMING AND BUS LATENCY 

The time required between HOLD going active and the 
80186 driving HLDA active is known as bus latency. 
Many factors affect this latency, including synchroniza- 
tion delays, bus cycle times, locked transfer times and 
interrupt acknowledge cycles. 

The HOLD request line is internally synchronized by 
the 80186, and may therefore be an asynchronous sig- 
nal. To guarantee recognition on a certain clock edge, it 
must satisfy a certain setup and hold time to the falling 
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edge of the CPU clock. A full CPU clock cycle is re- 
quired for this synchronization, that is, the internal 
HOLD signal is not presented to the internal bus arbi- 
tration circuitry until one full clock cycle after it is 
latched from the HOLD input (see Appendix B for a dis- 
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1 . tHVCL : valid until clock low = 25 ns min 

2. tcLHAV : Clock low until HLDA active = 50 ns max 



Figure 26. 80186 Idle Bus Hold/HLDA Timing 



cussion of 80186 synchronizers). If the bus is idle, 
HLDA will follow HOLD by two CPU clock cycles plus 
a small amount of setup and propagation delay time. 
The first clock cycle synchronizes the input; the second 
signals the internal circuitry to initiate a bus hold, (see 
Figure 26). 

Many factors influence the number of clock cycles be- 
tween a HOLD request and a HLDA. These may make 
bus latency longer than the best case shown above. Per- 
haps the most important factor is that the 801 86 will not 
relinquish the local bus until the bus is idle. An idle bus 
occurs whenever the 80186 is not performing any bus 
transfers. As stated in section 3.1.1, when the bus is idle, 
the 80186 generates idle T-states. The bus can become 
idle only at the end of a bus cycle. Thus, the 80186 can 
recognize HOLD only after the end of its current bus cy- 
cle. The 80186 will normally insert no T t states between 
T 4 and T { of the next bus cycle if it requires any bus ac- 
tivity (e.g., instruction fetches or I/O reads). However, 
the 80186 may not have an immediate need for the bus 
after a bus cycle, and will insert Ti states independent of 
the HOLD input (see section 3.1.7). 

When the HOLD request is active, the 80186 will be 




1 . Decision: No additional internal bus cycles required, idle T-states will be 

inserted after T 4 

2. Greater than 25 ns (t HVC L) 

3. Less than 50 ns (t CLHAV ) 

4. HOLD request internally synchronized 




HLDA 



1 . Decision: Additional internal bus cycles required, no idle T-states will be 

inserted, Hold not active soon enough to force idle T-states 

2. Greater than 25 ns (t HVCL ): not required since it will not get recognized 

anyway 

3. HOLD request internally synchronized 



Figure 27. HOLD/HLDA Timing in the 80186 
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1 . HOLD request internally synchronized 

2. Decision: HOLD request active, idle t-states will be inserted at end of 

current bus cycle 

3. Greater than 25 ns 

4. Less than 50 ns 



Figure 27 A. HOLD/HLDA Timing in the 80186 



forced to proceed from T 4 to Tj in order that the bus may 
be relinquished. HOLD must go active 3 T-states before 
the end of a bus cycle to force the 80186 to insert idle Te- 
states after T 4 (one to synchronize the request, and one 
to signal the 80186 that T 4 of the bus cycle will be fol- 
lowed by idle T-states, see section 3.1.1). After the bus 
cycle has ended, the bus hold will be immediately ac- 
knowledged. If, however, the 80186 has already deter- 
mined that an idle T-state will follow T 4 of the current 
bus cycle, HOLD need go active only 2 T-states before 
the end of a bus cycle to force the 80186 to relinquish the 
bus at the end of the current bus cycle. This is because 
the external HOLD request is not required to force the 
generation of idle T-states. Figure 27 graphically por- 
trays the scenarios depicted above. 

An external HOLD has higher priority than both the 
801 86 CPU or integrated DMA unit. However, an exter- 
nal HOLD will not separate the two cycles needed to 
perform a word access when the word accessed is located 
at an odd location (see section 3.1.3). In addition, an ex- 
ternal HOLD will not separate the two-to-four bus cy- 
cles required to perform a DMA transfer using the 
integrated controller. Each of these factors will add ad- 
ditional bus cycle times to the bus latency of the 80186. 

Another factor influencing bus latency time is locked 
transfers. Whenever a locked transfer is occurring, the 
80186 will not recognize external HOLDs (nor will it 
recognize internal DMA bus requests). Locked trans- 
fers are programmed by preceding an instruction with 
the LOCK prefix. Any transfers generated by such a 
prefixed instruction will be locked, and will not be sepa- 
rated by any external bus requesting device, String in- 
structions may be locked. .Since string transfers may 



require thousands of bus cycles, bus latency time will 
suffer if they are locked. 

The final factor affecting bus latency time is interrupt 
acknowledge cycles. When an external interrupt con- 
troller is used, or if the integrated interrupt controller is 
used in iRMX 86 mode (see section 6.7.4) the 80186 will 
run two interrupt acknowledge cycles back to back. 
These cycles are automatically "locked" and will never 
be separated by any bus HOLD, either internal or exter- 
nal. See section 6.5 on interrupt acknowledge timing for 
more information concerning interrupt acknowledge 
timing. 

3.3.3 COMING OUT OF HOLD 

After the 80186 recognizes that the HOLD input has 
gone inactive, it will drop its HLDA line in a single 
clock. Figure 28 shows this timing. The 80186 will insert 
only two Tj after HLDA has gone inactive, assuming 
that the 801 86 has internal bus cycles to run. During the 
last Tj, status information will go active concerning the 
bus cycle about to be run (see section 3.1.1). If the 
80186 has no pending bus activity, it will maintain all 
lines floating (high impedance) until the last T x before it 
begins its first bus cycle after the HOLD. 

3.4 Differences Between the 8086 bus and 
the 80186 Bus 

The 80186 bus was defined to be upward compatible 
with the 8086 bus. As a result, the 8086 bus interface 
components (the 8288 bus controller and the 8289 bus 
arbiter) may be used directly with the 80186. There are 
a few significant differences between the two processors 
which should be considered. 
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Figure 28. 80186 Coming out of Hold 



• CPU Duty Cycle and Clock Generator 

The 80186 employs an integrated clock generator which 
provides a 50% duty cycle CPU clock (1/2 of the time it 
is high, the other 1/2 of the time it is low). This is differ- 
ent that the 8086, which employs an external clock gen- 
erator (the 8284A) with a 33% duty cycle CPU clock 
(1/3 of the time it is high, the other 2/3 of the time, it is 
low)'; These differences manifest themselves as follows: 

1 ) No oscillator output is available from the 80 1 86, 
as it is available from the 8284A clock generator. 

2) The 80186 does not provide a PCLK (50% duty 
cycle, 1 1 2 CPU clock frequency) output as does 
the 8284A. 

3) The clock low phase of the 80186 is narrower, 
and the clock high phase is wider than on the 
same speed 8086. 

4) The 80186 does not internally factor AEN with 
RDY. This means that if both RDY inputs 
(ARDY and SRDY) are used, external logic 
must be used to prevent the RDY not connected 
to a certain device from being driven active dur- 
ing an access to this device (remember, only one 
RDY input needs to be active to terminate a bus 
cycle, see section 3.1.6). 

5) The 80186 concurrently provides both a single 
asynchronous ready input and a single .synchro- 
nous ready input, while the 8 284 A provides ei- 



ther two synchronous ready inputs or two 
asynchronous ready inputs as a user strapable 
option. 

6) The CLOCKOUT (CPU clock output signal) 
drive capacity of the 80186 is less than the CPU 
clock drive capacity of the 8 284 A. This means 
that not as many high speed devices (e.g., 
Schottky TTL flip-flops) may be connected to 

- this signal as can be used with the 8 284 A clock 
output. 

7) The crystal or external oscillator used by the 
80186 is twice the CPU clock frequency, while 
the crystal or external oscillator used with the 
8284A is three times the CPU clock frequency. 

• Local Bus Controller and Control Signals 

The 80186 simultan eousl y provi des bo th local bus con- 
troller outputs (Rp,_WRa_ALE, DEN and DT/R) and 
status outputs (SO, SI, S2) for use with the 8288 bus 
controller. This is different from the 8086 where the lo- 
cal bus controller outputs (generated only in min mode) 
are sacrificed if status outputs ( generated only in max 
mode) are desired. These differences will manifest 
themselves in 8086 systems and 80186 systems as 
follows: 

1) Because the 80186 can simultaneously provide 
local bus control signals and status outputs, 
many systems supporting both a system bus (e.g., 
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a Multibus®) and a local bus will not require two 
separate external bus controllers, that is, the 
80186 bus control signals may be used to control 
the local bus while the 80186 status signals are 
concigrently connected to the 8288 bus control- 
ler to drive the control signals of the system bus. 

2) The ALE signal of the 80186 goes active a clock 
phase earlier on the 80186 then on the 8086 or 
8288. This minimizes address propagation time 
through the address latches, since typically the 
delay time through these latches from inputs val- 
id is less than the propagation delay from the 
strobe input active. 

3) The 80186 RD input must be tied low to provide 
queue status outputs from the 80186 (see Figure 
29). When so strap ped into "queue status mode," 
the ALE and WR outputs provide queue status 
information. Notice that this queue status infor- 
mation is available one clock phase earlier from 
the 80186 than from the 8086 (see Figure 30). 




Figure 29. Generating Queue Status Information 
from the 80186 

• HOLD/HLDAvs. RQ/GT 

As discussed earlier, the 80186 uses a HOLD/HLDA 
type of protocol for exchanging bus mastership (like the 
8086 in min mode) rather than the RQ/GT protocol 
used by the 8086 in max mode. This allows compatiblity 
with Intel's the new generation of high performance/ 
high integration bus master peripheral devices (for ex- 



ample the 82586 Ethernet* controller or 82730 high 
performance CRT controller/text coprocessor). 

• Status Information 

The 80186 does not provide S3-S5 status information. 
On the 8086, S3 and S4 provide information regarding 
the segment register used to generate the physical ad- 
dress of the currently executing bus cycle. S5 provides 
information concerning the state of the interrupt enable 
flip-flop. These status bits are always low on the 80186. 

Status signal S6 is used to indicate whether the current 
bus cycle is initiated by either the CPU or a DMA de- 
vice. Subsequently, it is always low on the 8086. On the 
80186, it is low whenever the current bus cycle is initiat- 
ed by the 80186 CPU, and is high when the current bus 
cycle is initiated by the 80186 integrated DMA unit. 

• Bus Drive 

The 801 86 output drivers will drive 200pF loads. This is 
double that of the 8086 (lOOpF). This allows larger sys- 
tems to be constructed without the need for bus buffers. 
It also means that it is very important to provide good 
grounds to the 80186, since its large drivers can dis- 
charge its outputs very quickly causing large current 
transients on the 80186 ground pins. 

• Misc. 

The 80186 does not provide early a nd lat e write signals, 
as does the 8288 bus controller. The WR signal generat- 
ed by the 80186 corresponds to the early write signal of 
the 8288. This means that data is not stable on the ad- 
dress/data bus when this signal is driven active. 

The 80186 also does not provide differentiated I/O and 
memory read and write command signals. If these sig- 
nals are desired, an external 8288 bus controller may be 
used, or the S2 signal may be used to synthesize differ- 
entiated commands (see section 3.1.4). 

♦Ethernet is a registered trademark of Xerox Corp. 
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1 . 80186 changes queue status off falling edge of CLK 

2. 8086 changes queue status off rising edge of CLK 



Figure 30. 80186 and 8086 Queue Status Generation 
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4. DMA UNIT INTERFACING 

The 80186 includes a DMA unit which provides two in- 
dependent high speed DMA channels. These channels 
operate independently of the CPU, and drive all inte- 
grated bus interface components (bus controller, chip se- 
lects, etc.) exactly as the CPU (see Figure 31). This 
means that bus cycles initiated by the DMA unit are ex- 
actly the same as bus cycles initiated by the CPU (ex- 
cept that S6 = 1 during all DMA initiated cycles, see 
section 3.1). Thus interfacing with the DMA unit itself 
is very simple, since except for the addition of the DMA 
request connection, it is exactly the same as interfacing 
to the CPU. 



EXTERNAL ADDRESS/DATA, 
CONTROL, CHIP SELECTS, 
ETC. 



BUS INTERFACE 
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CHIP SELECT CIRCUITRY 



INTERNAL BUS 



oo 



80186 




DMA 




DMA 










CONTROL 


CPU 




REGISTERS 










ELEMENT 



DMA 
REQUESTS 



Figure 31 . 801 86 CPU/DMA Channel 
Internal Model 

4.1 DMA Features 

Each of the two DMA channels provides the following 
features: 

• Independent 20-bit source and destination pointers 
which are used to access the I/O or memory location 
from which data will be fetched or to which data will 
be deposited 

• Programmable auto-increment, auto-decrement or 
neither of the source and destination pointers after 
each DMA transfer 

• Programmable termination of DMA activity after a 
certain number of DMA transfers 

• Programmable CPU interruption at DMA termina- 
tion 

? Byte or word DMA transfers to or from even or odd 
memory or I/O addresses 



• Programmable generation of DMA requests by: 

1) the source of the data 

2) the destination of the data 

3) timer 2 (see section 5) 

4) the DMA unit itself (continuous DMA requests) 

4.2 DMA Unit Programming 

Each of the two DMA channels contains a number of 
registers which are used to control channel operation. 
These registers are included in the 80186 integrated pe- 
ripheral control block (see appendix A). These registers 
include the source and destination pointer registers, the 
transfer count register and the control register. The lay- 
out and interpretation of the bits in these registers is giv- 
en in Figure 32. 

The 20-bit source and destination pointers allow access 
to the complete 1 Mbyte address space of the 80186, and 
that all 20 bits are affected by the auto-increment or 
auto-decrement unit of the DMA (i.e., the DMA 
channels address the full 1 Mbyte address space of the 
80186 as a flat, linear array without segments). When 
addressing I/O space, the upper 4 bits of the DMA 
pointer registers should be_ programmed to be 0. If they 
are not programmed 0, then the programmed value 
(greater than 64K in I/O space) will be driven onto the 
address bus (an area of I/O space not accessable to the 
CPU). The data transfer will occur correctly, however. 

After every DMA transfer the 16-bit DMA transfer 
count register it is decremented by 1, whether a byte 
transfer or a word transfer has occurred. If the T C bit in 
the DMA control register is set, the DMA ST/STOP 
bit (see below) will be cleared when this register goes to 
0, causing all DMA activity to cease. A transfer count of 
zero allows 65536 (2 16 ) transfers. 

The DMA control register (see Figure 33) contains bits 
which control various channel characteristics, including 
for each of the data source and destination whether the 
pointer points to memory or I/O space, or whether the 
pointer will be incremented, decremented or left alone 
. after each DMA transfer. It also contains a bit which se- 
lects between byte or word transfers. Two synchroniza- 
tion bits are used to determine the source of the DMA 
requests (see section 4.7). The TC bit determines wheth- 
er DMA activity will cease after a programmed number 
of DMA transfers, and the INT bit is used to enable in- 
terrupts to the processor when this has occurred (note 
that an interrupt will not be generated to the CPU when 
the transfer count register reaches zero unless both the 
INT bit and the TC bit are set). 

The contro l register also contains a start/stop 
(ST/STOP) bit. This bit is used to enable DMA 
transfers. Whenever this bit is set, the channel is 
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Figure 32. 80186 DMA Register Layout 
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Figure 33. DMA Control Register 



"armed," that is, a DMA transfer will occur whenever a 
DMA request is made to the channel. If this bit is 
cleared, no DMA transfers will be per formed by the 
channel. A companion bit, the CHG/NOCHG bit, 
allows the contents of the DMA control register to be . 
changed with out mo difying the state of the start/stop 
bit. T he ST/ST OP bit will only be modified if the 
CHG/NOCHG bit is also set during the write to the 
DMA control register. The CHG/NOCHG bit is 
write only. It will always be read back as a 1. Because 
DM A tran sfers could occur immediately after the 
ST/STOP bit is set, it should only be set only after all 
other DMA controller registers have been programmed. 
This bit is automatically cleared when the transfer count 
register reaches zero and the TC bit in the DMA control 
register is set, or when the transfer count register 
reaches zero and unsynchronized DMA transfers are 
programmed. 



All DMA unit programming registers are directly 
accessable by the CPU. This means the CPU can, for ex- 
ample, modify the DMA source pointer register after 
137 DMA transfers have occurred, and have the new 
pointer value used for the 138th DMA transfer. If more 
than one register in the DMA channel is being modified 
at any time that a DMA request may be gene rated and 
the DMA channel is enabled (the ST/STOP bit in the 
control register is set), the register programming values 
should be placed in memory locations and moved into 
the DMA registers using a locked string move instruc- 
tion. This will prevent a DMA transfer from occurring 
after only half of the register values have changed. The 
above also holds true if a read/modify/ write type of op- 
eration is being performed (e.g., ANDing off bits in a 
pointer register in a single AND instruction to a pointer 
register mapped into memory space). 
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1 . Source address 

2. Source data 

3. Destination address 

4. Destination data 

NOTE: Wait states are inserted by the bus condition during the bus cycle, not by the DMA controller 



Figure 34. Example DMA Transfer Cycle on the 80186 



4.3 DMA Transfers 

Every DMA transfer in the 80186 consists of two inde- 
pendent bus cycles, the fetch cycle and the deposit cycle 
(see Figure 34). During the fetch cycle, the byte or word 
data is accessed from memory or I/O space using the ad- 
dress in the source pointer register. The data accessed is 
placed in an internal temporary register, which is not ac- 
cessible to the CPU. During the deposit cycle, the byte 
or word data in this internal register is placed in memory 
or I/O space using the address in the destination pointer 
register. These two bus cycles will not be separated by 
bus HOLD or by the other DMA channel, and one will 
never be run without the other except when the CPU is 
RESET. Notice that the bus cycles run by the DMA 
unit are exactly the same as memory or I/O bus cycles 
run by the CPU. The only difference between the two is 
the state of the S6 status line (which is multiplexed on 
the A19 line): on all CPU initiated bus cycles, this status 
line will be driven low; on all DMA initiated bus cycles, 
this status line will be driven high. 



4.4 DMA Requests 

Each DMA channel has a single DMA request line by 
which an external device may request a DMA transfer. 
The synchronization bits in the DMA control register 
determine whether this line is interpreted to be connect- 
ed to the source of the DMA data or the destination of 
the DMA data. All transfer requests on this line are syn- 
chronized to the CPU clock before being presented to in- 



ternal DMA logic. This means that any asynchronous 
transitions of the DMA request line will not cause the 
DMA channel to malfunction. In addition to external 
requests, DMA requests may be generated whenever the 
internal timer 2 times out, or continuously by program- 
ming the synchronization bits in the DMA control regis- 
ter to call for unsynchronized DMA transfers. 

4.4.1 DMA REQUEST TIMING AND LATENCY 

Before any DMA request can be generated, the 80186 
internal bus must be granted to the DMA unit. A certain 
amount of time is required for the CPU to grant this in- 
ternal bus to the DMA unit. The time between a DMA 
request being issued and the DMA transfer being run is 
known as DMA latency. Many of the issues concerning 
DMA latency are the same as those concerning bus la- 
tency (see section 3.3.2). The only important difference 
is that external HOLD always has bus priority over an 
internal DMA transfer. Thus, the latency time of an in- 
ternal DMA cycle will suffer during an external bus 
HOLD. 

Each DMA channel has a programmed priority relative 
to the other DMA channel. Both channels may be pro- 
grammed to be the same priority, or one may be pro- 
grammed to be of higher priority than the other channel. 
If both channels are active, DMA latency will suffer on 
the lower priority channel. If both channels are active 
and both channels are of the same programmed priority, 
DMA transfer cycles will alternate between the two 
channels (i.e., the first channel will perform a fetch and 
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Figure 35. DMA Request Timing on the 80186 (showing minimum response time to request) 



deposit, followed by a fetch and deposit by the second 
channel, etc). 

The minimum timing required to generate a DMA cycle 
is shown in Figure 35. Note that the minimum time from 
DRQ becoming active until the beginning of the first 
DMA cycle is 4 CPU clock cycles, that is, a DMA re- 
quest is sampled 4 clock cycles before the beginning of a 
bus cycle to determine if any DMA activity will be re- 
quired. This time is independent or the number of wait 
states inserted in the bus cycle. The maximum DMA la- 
tency is a function of other processor activity (see 
above). 



Also notice that if DRQ is sampled active at 1 in Figure 
35, the DMA cycle will be executed, even if the DMA 
request goes inactive before the beginning of the first 
DMA cycle. This does not mean that the DMA request 
is latched into the processor such that any transition on 
the DMA request line will cause a DMA cycle eventual- 
ly. Quite the contrary, DMA request must be active at a 
certain time before the end of a bus cycle for the DMA 
request to be recognized by the processor. If the DMA 
request line goes inactive before that window, then no 
DMA cycles will be run. 
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Figure 36.' DMA Acknowledge Synthesis from the 80186 
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4.5 DMA Acknowledge 

The 80186 generates no explicit DMA acknowledge sig- 
nal. Instead, the 80186 performs a read or write directly 
to the DMA requesting device. If required, a DMA ac- 
knowledge signal can be generated by a decod e of an ad- 
dress, or by merely using one of the PCS lines (see 
Figure 36). Note ALE must be used to factor the DACK 
because addresses are not guaranteed stable when chip 
selects go active. This is requ ired because if the address 
is not stable when the PCS goes active, glitches can 
occur at the output of the DACK generation circuitry as 
the address lines change state. Once ALE has gone low, 
the addresses are guaranteed to have been stable for at 
least t AVAL (30ns). 

4.6 Internally Generated DMA Requests 

There are two types in internally synchronized DMA 
transfers, that is, transfer initiated by a unit integrated 
in the 80186. These two types are transfers in which the 
DMA request is generated by timer 2, or where DMA 
request is generated by the DMA channel itself. 

The DMA channel can be programmed such that when- 
ever timer 2 reaches its maximum cotint, a DMA re- 
quest will be generated. This feature is selected by 
setting the TDRQ bit in the DMA channel control regis- 
ter. A DMA request generated in this manner will be 
latched in the DMA controller, so that once the timer re- 
quest has been generated, it cannot be cleared except by 
running the DMA cycle or by clearing the TDRQ bits in 
both DMA control registers. Before any DMA requests 
are generated in this mode, timer 2 must be initiated and 
enabled. 

A timer requested DMA cycle being run by either DMA 
channel will reset the timer request. Thus, if both chan- 
nels are using it to request a DMA cycle, only one DMA 
channel will execute a transfer for every timeout of tim- 
er 2. Another implication of having a single bit timer 
DMA request latch in the DMA controller is that if an- 
other timer 2 timeout occurs before a DMA channel has 
a chance to run a DMA transfer, the first request will be 
lost, i,e., only a single DMA transfer will occur, even 
though the timer has timed out twice. 

The DMA channel can also be programmed to provide 
its own DMA requests. In this mode, DMA transfer cy- 
cles will be run continuously at the maximum bus band- 
width, one after the other until the preprogrammed 
number of DMA transfers (in the DMA transfer count 
register) have occurred. This mode is selected by pro- 
gramming the synchronization bits in the DMA control 
register for unsynchronized transfers. Note that in this 
mode, the DMA controller will monopolize the CPU 
bus, i.e., the CPU will not be able to perform opcode 
fetching, memory operations, etc., while the DMA 
transfers are occurring. Also notice that the DMA will 
only perform the number of transfers indicated in the 



maximum count register regardless of the state of the 
TC bit in the DMA control register. 

4.7 Externally Synchronized DMA 
Transfers 

There are two types of externally synchronized DMA 
transfers, that is, DM A-transfers which are requested by 
an external device rather than by integrated timer 2 or 
by the DMA channel itself (in unsynchronized trans- 
fers). These are source synchronized and destination 
synchronized transfers. These modes are selected by 
programming the synchronization bits in the DMA 
channel control register. The only difference between 
the two is the time at which the DMA request pin is sam- 
pled to determine if another DMA transfer is immedi- 
ately required after the currently executing DMA 
transfer. On source synchronized transfers, this is done 
such that two source synchronized DMA transfers may 
occur one immediately after the other, while on destina- 
tion synchronized transfers a certain amount of idle 
time is automatically inserted between two DMA trans- 
fers to allow time for the DMA requesting device to 
drive its DMA request inactive. 



4.7,1 



SOURCE SYNCHRONIZED 
DMA TRANSFERS 



In a source synchronized DMA transfer, the source of 
the DMA data requests the DMA cycle. An example of 
this would be a floppy disk read from the disk to main 
memory. In this type of transfer, the device requesting 
the transfer is read during the fetch cycle of the DMA 
transfer. Since it takes 4 CPU clock cycles from the time 
DMA request is sampled to the time the DMA transfer 
is actually begun, and a bus cycle takes a minimum of 4 
clock cycles, the earliest time the DMA request pin will 
be sampled for another DMA transfer will be at the be- 
ginning of the deposit cycle of a DMA transfer. This al- 
lows over 3 CPU clock cycles between the time the 
DMA requesting device receives an acknowledge to its 
DMA request (around the beginning of T 2 of the DMA 
fetch cycle), and the time it must drive this request inac- 
tive (assuming no wait states) to insure that another 
DMA transfer is not performed if it is not desired (see 
Figure 37), 



4.7.2 



DESTINATION SYNCHRONIZED 
DMA TRANSFERS 



In destination synchronized DMA transfers, the desti- 
nation of the DMA data requests the DMA transfer. An 
example of this would be a floppy disk write from main 
memory to the disk. In this type of transfer, the device 
requesting the transfer is written during the deposit cy- 
cle of the DMA transfer. This causes a problem, since 
the DMA requesting device will not receive notification 
of the DMA cycle being run until 3 clock cycles before 
the end of the DMA transfer (if no wait states are being 
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1 . Current DMA destination synchronized transfer will be followed 
immediately by another DMA transfer 



Figure 37. Source & Destination Synchronized DMA Request Timing 



inserted into the deposit cycle of the DMA transfer) and 
it takes 4 clock cycles to determine whether another 
DMA cycle should be run immediately following the 
current DMA transfer. To get around this problem, the 
DMA unit will relinquish the CPU bus after each desti- 
nation synchronized DMA transfer for at least 2 CPU 
clock cycles to allow the DMA requesting device time to 
drop its DMA request if it does not immediately desire 
another immediate DMA transfer. When the bus is re- 
linquished by the DMA unit, the CPU may resume bus 
operation (e.g., instruction fetching, memory or I/O 
reads or writes, etc.) Thus, typically, a CPU initiated 
bus cycle will be inserted between each destination syn- 
chronized DMA transfer. If no CPU bus activity is re- 
quired, however (and none can be guaranteed), the 
DMA unit will insert only 2 CPU clock cycles between 
the deposit cycle of one DMA transfer and the fetch cy- 
cle of the next DMA transfer. This means that the DMA 
destination requesting device must drop its DMA re- 
quest at least two clock cycles before the end of the de- 
posit cycle regardless of the number of wait states 
inserted into the bus cycle. Figure 37 shows the DMA 
request going away too late to prevent the immediate 
generation of another DMA transfer. Any wait states in- 
serted in the deposit cycle of the DMA transfer will 



lengthen the amount of time from the beginning of the 
deposit cycle to the time DMA will be sampled for an- 
other DMA transfer. Thus, if the amount of time a de- 
vice requires to drop its DMA request after receiving a 
DMA acknowledge from the 80186 is longer than the 0 
wait state 80186 maximum (100 ns), wait states can be 
inserted into the DMA cycle to lengthen the amount of 
time the device has to drop its DMA request after receiv- 
ing the DMA acknowledge. Table 4 shows the amount of 
time between the beginning of T 2 and the time DMA re- 
quest is sampled as wait states are inserted in the DMA 
deposit cycle. 

Table 4. DMA Request Inactive Timing 
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Figure 38. NMI and DMA Interaction 



4.8 DMA Halt and NMI 

Whenever a Non- Maskable Interrupt is received by the 
80186, all DMA activity will be suspended after the end 
of the current DMA transfer. This is performed by the 
NMI automatically setting the DMA Halt (DHLT) bit 
in the interrupt controller status register (see section 
7.3.1). The timing of NMI required to prevent a DMA 
cycle from occurring is shown in Figure 38. After the 
NMI has been serviced, the DHLXbit should be cleared 
by the programmer, and DMA activity will resume ex- 
actly where it left off, i.e., none of the DMA registers 
will have been modified. The DMA Halt bit is not auto- 
matically reset after the NMI has been serviced. It is 
automatically reset by the IRET instruction. This DMA 
halt bit may also be set by the programmer to prevent 
DMA activity during any critical section of code. 



4.9 Example DMA Interfaces 

4.9.1 8272 FLOPPY DISK INTERFACE 

An example DMA Interface to the 8272 Floppy Disk 
Controller is shown in Figure 39. This shows how a typi- 
cal DMA device can be interfaced to the 80186. An ex- 
ample floppy disk software driver for this interface is 
given in Appendix C. 



The data lines of the 8272 are connected, through buff- 
ers, to the 80186 AD0-AD7 lines. The buffers are re- 
quired because the 8272 will not float its output drivers 
quickly enough to prevent contention with the 80186 
driven address information after a read from the 8272 
(see section 3.1.3). 

DMA acknowledge for the 8272 is driven by an add ress 
decod e within the region assigned to PCS2. If 
PCS2 is assigned to be active between I/O locations 
0500H and 057FH, then an access to I/O location 
0500H will enable only the chip select, while an access to 
I/O location 051 OH will enable both the chip select and 
the DMA acknowledge. Remember, ALE must be fac- 
tored into the DACK generation logic because addresses 
are not guaranteed stable when the chip selects become 
active. If ALE were not used, the DACK generation cir- 
cuitry could glitch as address output changed state while 
the chip select was active. 

Notice that the TC line of the 8272 is driven by a very 
similar circuit as the one generating DACK (except for 
the reversed sense of the output!). This line is used to ter- 
minate an 8272 command before the command has com- 
pleted execution. Thus, the TC input to the 8272 is 
software driven in this case. Another method of driving 
the TC input would be to connect the DACK signal to 
one of the 80186 timers, and program the timer to out- 
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Figure 39. Example 8272/80186 DMA Interface 



put a pulse to the 8272 after a certain number of DMA 
cycles have been run (see next section for 80186 timer 
information). 

The above discussion assumed that a single 80186 
PCS line is free to generate all 8272 select signals. If 
more than one c hip se lect is free, however, different 
80186 generated PCS lines could be used for each 
function. For ex ample, PCS2 could be used to select 
the 8272, PCS3 could be used to drive the DACK line 
of the 8272, etc. 

DMA requests are delayed by two clock periods in going 
from the 8272 to the 801 86. This is required by the 8272 
t RQR (time from DMA request to DMA RD going ac- 
tive) spec of 800ns min. This requires 6.4 80186 CPU 



clock cycles (at 8 MHz), well beyond the 5 minimum 
provided by the 801 86 (4 clock cycles to the beginning of 
the DMA bus cycle, 5 to the beginning of T 2 of the DMA 
bus cycle where RD will go active). The two flip-flops 
add two complete CPU clock cycles to this response 
time. 

DMA request will go away 200ns after DACK is pre- 
sented to the 8272. During a DMA write cycle (i.e., a 
destination synchronized transfer), this is not soon 
enough to prevent the immediate generation of another 
DMA transfer if no wait states are inserted in the depos- 
it cycle to the 8272. Therefore, at least 1 wait state is re- 
quired by this interface, regardless of the data access 
parameters of the 8272. 
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4.9.2 8274 SERIAL 

COMMUNICATION INTERFACE 

An example 8274 synchronous/asynchronous serial 
chip/80186 DMA interface is shown in Figure 40. The 
8274 interface is even simpler than the 8272 interface, 
since it does not require the generation of a DMA ac- 
knowledge signal, and the 8274 does not require the 
length of time between a DMA request and the DMA 
read or write cycle that the 8272 does. An example serial 
driver using the 8274 in DMA mode with the 80186 is 
given in Appendix C. 



DRQO 




8274 
T X DRQ B 










DRQ1 








R X DRQ B 












ADDR 




A0.A1 








LATCH 


-r- 




A 2 


/ 








AD0-AD7 




8286 
DATA 




DB0- DB7 






BUFFER 












RD 


RD 








WR 








WR 








RESET 








RESET 





Figure 40. Example 8274/80186 DMA Interface 



The data lines of the 8274 are connected through buffers 
to the 80186 AD0-AD7 lines. Again, these are required 
not because of bus drive problems, but because the 8274 
will not float its drivers before the 801 86 will begin driv- 
ing address information on its address/data bus. If both 
the 8274 and the 8272 are included in the same 80186 
system, they could share the same data bus buffer (as 
could any other peripheral devices in the system). 

The 8274 does not require a DMA acknowledge signal. 
The first read from or write to the data register of the 
8274 after the 8274 generates the DMA request signal 
will clear the DMA reques t. Th e time between when the 
control signal (RD or WR) becomes active and 
when the 8274 will drop its DMA request during a 
DMA write is 150ns, which will require at least" one wait 
state be inserted into the DMA write cycle for proper op- 
eration of the interface. 



5. TIMER UNIT INTERFACING 

The 801 86 includes a timer unit which provides three in- 
dependent 16-bit timers. These timers operate indepen- 
dently of the CPU. Two of these have input and output 
pins allowing counting of external events and generation- 
of arbitrary waveforms. The third timer can be used as a 
timer, as a prescaler for the other two timers, or as a 
DMA request source. 

5.1 Timer Operation 

The internal timer unit on the 80186 could be modeled 
by a single counter element, time multiplexed to three 
register banks, each of which contains different control 
and count values. These register banks are, in turn, dual 
ported between the counter element and the 80186 CPU 
(see Figure 41). Figure 42 shows the timer element se- 
quencing, and the subsequent constraints on input and 
output signals. If the CPU modifies one of the timer reg- 
isters, this change will affect the counter element the 
next time that register is presented to the counter ele- 
ment. There is no connection between the sequencing of 
the counter, element through the timer register banks 
and the Bus Interface Unit's sequencing through T- 
states. Timer operation and bus interface operation are , 
completely asynchronous. 

5.2 Timer Registers 

Each timer is controlled by a block of registers (see Fig- 
ure 43). Each of these registers can be read or written 
whether or not the timer is operating. All processor ac- 
cesses to these registers are synchronized to all counter 
element accesses to these registers, meaning that one 
will never read a count register in which only half of the 
bits have been modified. Because of this synchroniza- 
tion, one wait state is automatically inserted into any ac- 
cess to the timer registers. Unlike the DMA unit, 
locking accesses to timer registers will not prevent the 
timer's counter element from accessing the timer 
registers. 

Each timer has a 16-bit count register. This register is 
incremented for each timer event. A timer event can be a 
low-to-high transition on the external pin (for timers 0 
and 1), a CPU clock transition (divided by 4 because of 
the counter element multiplexing), or a time out of timer 
2 (for timers 0 and 1). Because the count register is 16 
bits wide, up to 65536 (2 16 ) timer events can be counted 
by a single timer/counter. This register can be both read 
or written whether the timer is or is not operating. 

Each timer includes a maximum count register. When- 
ever the timer count register is equal to the maximum 
count register, the count register will be reset to zero, 
that is, the maximum count value will never be stored in 
the count register. This maximum count value may be 
written while the timer is operating. A maximum count 
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Figure 41 . 801 86 Timer Model 
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Figure 42. 80186 Counter Element Multiplexing and Timer Input Synchronization 
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Figure 43. 80186 Timer Register Layout 



value of 0 implies a maximum count of 65536, a maxi- 
mum count value of 1 implies a maximum count of 1, 
etc. The user should be aware that only equivalence be- 
tween the count value and the maximum count register 
value is checked, that is, the count value will not be 
cleared if the value in the count register is greater than 
the value in the maximum count register. This could only 
occur by programmer intervention, either by setting the 
value in the count register greater than the value in the 
maximum count register, or by setting the value in the 
maximum count register to be less than the value in the 
count register. If this is programmed, the timer will 
count to the maximum possible count (FFFFH), incre- 
ment to 0, then count up to the value in the maximum 
count register. The TC bit in the timer control register 
will not be set when the counter overflows to 0, nor will 
an interrupt be generated from the timer unit. 

Timers 0 and 1 each contain an additional maximum 
count register. When both maximum count registers are 
used, the timer will first count up to the value in maxi- 
mum count register A, reset to zero, count up to the val- 
ue in maximum count register B, and reset to zero again. 
The ALTernate bit in the timer control register deter- 
mines whether one or both maximum count registers are 
used. If this bit is low, only maximum count register A is 
used; maximum count register B is ignored. If it is high, 
both maximum count register A and maximum count 
register B are used. The RIU (register ir* use) bit in the 
timer control register indicates which maximum count 
register is currently being used. This bit is 0 when maxi- 
mum count register A is being used, 1 when maximum 
count register B is being used. This RIU bit is read only. 
It is unaffected by any write to the timer control register. 
It will always be read 0 in single maximum count regis- 



ter mode (since only maximum count register A will be 
used). 

Each timer can generate an interrupt whenever the tim- 
er count value reaches a maximum count value. That is, 
an interrupt can be generated whenever the value in 
maximum count register A is reached, and whenever the 
value in maximum count register B is reached. In addi- 
tion, the MC (maximum count) bit in the timer control 
register is set whenever the timer count reaches a maxi- 
mum count value. This bit is never automatically 
cleared, i.e., programmer intervention is required to 
clear this bit. If a timer generates a second interrupt re- 
quest before the first interrupt request has been ser- 
viced, the first interrupt request to the CPU will be lost. 

Each timer has an ENable bit in the timer control regis- 
ter. This bit is used to enable the timer to count. The tim- 
er will count timer events only when this bit is set. Any 
timer events occurring when this bit is reset are ignored. 
Any write to the timer control register will modify the 
ENable bit only if the INHibit bit is also set. The timer 
ENable bit will not be modified by a write to the timer 
control register if the INHibit bit is not set. The INHibit 
bit in the timer control register allows selective updating 
of the timer ENable bit. The value of the INHibit bit is 
not stored in a write to the timer control register; it will 
always be read as a 1 . 

Each timer has a CONTinuous bit in the timer control 
register. If this bit is cleared, the timer ENable bit will 
be automatically cleared at the end of each timing cycle. 
If a single maximum count register is used, the end of a 
timing cycle occurs when the count value resets to zero 
after reaching the value in maximum count register A. If 
dual maximum count registers are used, the end of a 
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timing cycle occurs when the count value resets to zero 
after reaching the value in maximum count register B. If 
the CONTinuous bit is set, the ENable bit in the timer 
control register will never be automatically reset. Thus, 
after each timing cycle, another timing cycle will auto- 
matically begin. For example, in single maximum count 
register mode, the timer will count up to the value in 
maximum count register A, reset to zero, count up to the 
value in maximum count register A, reset to zero, ad in- 
finitum. In dual maximum count register mode, the tim- 
er will count up the the value in maximum count register 
A, reset to zero, count up the value in maximum count 
register B, reset to zero, count up to the value in maxi- 
mum count register A, reset to zero, et cetera. 

5.3 Timer Events 

Each timer counts timer events. All timers can use a 
transition of the CPU clock as an event. Because of the 
counter element multiplexing, the timer count value will 
be incremented every fourth CPU clock. For timer 2, 
this is the only timer event which can be used. For timers 
0 and 1 , this event is selected by clearing the EXTernal 
and Prescaler bits in the timer control register. 

Timers 0 and 1 can use timer 2 reaching its maximum 
count as a timer event. This is selected by clearing the 
EXTernal bit and setting the Prescaler bit in the timer 
control register. When this is done, the timer will incre- 
ment whenever timer 2 resets to zero having reached its 
own maximum count. Note that timer 2 must be initial- 
ized and running for the other timer's value to be 
incremented. 

Timers 0 and 1 can also be programmed to count low-to- 
high transitions on the external input pin. Each transi- 
tion on the external pin is synchronized to the 80186 
clock before it is presented to the timer circuitry, and 
may, therefore, be asynchronous (see Appendix B for in- 
formation on 80186 synchronizers). The timer counts 
transitions on the input pin: the .input value must go low, 
then go high to cause the timer to increment. Any transi- 
tion on this line is latched. If a transition occurs when a 
timer is not being serviced by the counter element, the 
transition on the input line will be remembered so that 
when the timer does get serviced, the input transition 
will be counted. Because of the counter element multi- 
plexing, the maximum rate at which the timer can count 
is 1/4 of the CPU clock rate (2 MHz with an 8 MHz 
CPU clock). 

5.4 Timer Input Pin Operation 

Timers 0 and 1 each have individual timer input pins. 
All low-to-high transitions on these input pins are syn- 
chronized, latched, and presented to the counter element 
when the particular timer is being serviced by the 
counter element. 

Signals on this input can affect timer operation in three 
different ways. The manner in which the pin signals are 
used is determined by the EXTernal and RTG (retrig- 



ger) bits in the timer control register. If the EXTernal 
bit is set, transitions on the input pin will cause the timer 
count value to increment if the timer is enabled (the EN- 
able bit in the timer control register is set). Thus, the 
timer counts external events. If the EXTernal bit is 
cleared, all timer increments are caused by either the 
CPU clock or by timer 2 timing out. In this mode, the 
RTG bit determines whether the input pin will enable 
timer operation, or whether it will retrigger timer 
operation. 

If the EXTernal bit is low and the RTG bit is also low, 
the timer will count internal timer events only when the 
timer input pin is high and the ENable bit in the timer 
control register is set. Note that in this mode, the pin is 
level sensitive, not edge sensitive. A low-to-high transi- 
tion on the timer input pin is not required to enable timer 
operation. If the input is tied high, the timer will be con- 
tinually enabled. The timer enable input signal is com- 
pletely independent of the ENable bit in the timer 
control register: both must be high for the timer to 
count. Example uses for the timer in this mode would be 
a real time clock or a baud rate generator. 

If the EXTernal bit is low and the RTG bit is high, the 
timer will act as a digital one-shot. In this mode, every 
low-to-high transition on the timer input pin will cause 
the timer to reset to zero. If the timer is enabled (i.e., the 
ENable bit in the timer control register is set) timer op- 
eration will begin (the timer will count CPU clock tran- 
sitions or timer 2 timeouts). Timer operation will cease 
at the end of a timer cycle, that is, when the value in the 
maximum count register A is reached and the timer 
count value resets to zero (in single maximum count reg- 
ister mode, remember that the maximum count value is 
never stored in the timer count register) or when the val- 
ue in maximum count register B is reached and the timer 
count value resets to zero (in dual maximum count regis- 
ter mode). If another low- to-high transition occurs on 
the input pin before the end of the timer cycle, the timer 
will reset to zero and begin the timing cycle again re- 
gardless of the state of the CONTinuous bit in the timer 
control register the RIU bit will not be changed by the 
input transition. If the CONTinuous bit in the timer 
control register is cleared, the timer ENable bit will 
automatically be cleared at the end of the timer cycle. 
This means that any additional transitions on the input 
pin will be ignored by the timer. If the CONTinuous bit 
in the timer control register is set, the timer will reset to 
zero and begin another timing cycle for every low-to- 
high transition on the input pin, regardless of whether 
the timer had reached the end of a timer cycle, because 
the timer ENable bit would not have been cleared at the 
end of the timing cycle. The timer will also continue 
counting at the end of a timer cycle, whether or not an- 
other transition has occurred on the input pin. An exam- 
ple use of the timer in this mode is an alarm clock time 
out signal or interrupt. 
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5.5 Timer Output Pin Operation 

Timers 0 and 1 each contain a single timer output pin. 
This pin can perform two functions at programmer op- 
tion. The first is a single pulse indicating the end of a 
timing cycle. The second is a level indicating the maxi- 
mum count register currently being used. The timer out- 
puts operate as outlined below whether internal or 
external clocking of the timer is used. If external clock- 
ing is used, however, the user should remember that the 
time between an external transition on the timer input 
pin and the time this transition is reflected in the timer 
out pin will vary depending on when the input transition 
occurs relative to the timer's being serviced by the 
counter element. 

When the timer is in single maximum count register 
mode (the ALTernate bit in the timer control register is 
cleared) the timer output pin will go low for a single 
CPU clock the clock after the timer is serviced by the ' 
counter element where maximum count is reached (see 
Figure 44). This mode i% useful when using the timer as 



a baud rate generator. 

When the timer is programmed in dual maximum count 
register mode (the ALTernate bit in the timer control 
register is set), the timer output pin indicates which 
maximum count register is being used. It is low if maxi- 
mum count register B is being used for the current 
count, high if maximum count register A is being used. 
If the timer is programmed in continuous mode (the 
CONTinuous bit in the timer control register is set), this 
pin could generate a waveform of any duty cycle. For ex- 
ample, if maximum count register A contained 10 and 
maximum count register B contained 20, a 33% duty cy- 
cle waveform would be generated. 



5.6 Sample 80186 Timer Applications 

The 801 86 timers can be used for almost any application 
for which a discrete timer circuit would be used. These 
include real time clocks, baud rate generators, or event 
counters. 



TIMER 0 SERVICED 




80186 



TIMER 
2 



TIMER 

,1 



TIMER 
0 
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Figure 46. 80186 Baud Rate Generator 
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5.6.1 80186 TIMER REAL TIME CLOCK 

The sample program in appendix D shows the 80186 
timer being used with the 80186 CPU to form a real 
time clock. In this implementation, timer 2 is pro- 
grammed to provide an interrupt to the CPU every milli- 
second. The CPU then increments memory based clock 
variables. 

5.6.2 80186 TIMER BAUD RATE GENERATOR 

The 80186 timers can also be used as baud rate gener- 
ators for serial communicati6n controllers (e.g., the 
8274). Figure 46 shows this simple connection, and the 



code to program the timer as a baud rate generator is in- 
cluded in appendix D. 



5.6.3 80186 TIMER EVENT COUNTER 

The 80186 timer can be used to count events. Figure 47 
shows a hypothetical set up in which the 80186 timer 
will count the interruptions in a light source. The num- 
ber of interruptions can be read directly from the count 
register of the timer, since the timer counts up, i.e., each 
interruption in the light source will cause the timer 
count value to increase. The code to set up the 80186 
timer in this mode is included in appendix D. 
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Figure 48. 80186 Interrupt Controller Block Diagram 
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6. 80186 INTERRUPT CONTROLLER 
INTERFACING 

The 80186 contains an integrated interrupt controller. 
This unit performs tasks of the interrupt controller in a 
typical system. These include synchronization of inter- 
rupt requests, priortization of interrupt requests, and re- 
quest type vectoring in response to a CPU interrupt 
acknowledge. It can be a master to two external 8259A 
interrupt controllers or can be a slave to an external in- 
terrupt controller to allow compatibility with the iRMX 
86 operating system, and the 80130/80150 operating 
system firmware chips. 

6.1 Interrupt Controller Model 

The integrated interrupt controller block diagram is 
shown in Figure 48. It contains registers and a control 
element. Four inputs are provided for external interfac- 
ing to the interrupt controller. Their functions change 
according to the programmed mode of the interrupt con- 
troller. Like the other 80186 integrated peripheral regis- 
ters, the interrupt controller registers are available for 
CPU reading or writing at any time. 

6.2 Interrupt Controller Operation 

The interrupt controller operates in two major modes, 
non-iRMX 86 mode (referred to henceforth as master 
mode), and iRMX 86 mode. In master mode the inte- 
grated controller acts as the master interrupt controller 
for the system, while in iRMX 86 mode the controller 



operates as a slave to an external interrupt controller 
which operates as the master interrupt controller for the 
system. Some of the interrupt controller registers and in- 
terrupt controller pins change definition between these 
two modes, but the basic charter and function of the in- 
terrupt controller remains fundamentally the same. The 
difference is when in master mode, the interrupt control- 
ler presents its interrupt input directly to the 80186 
CPU, while in iRMX 86 mode the interrupt controller 
presents its interrupt input to an external controller 
(which then presents its interrupt input to the 80186 
CPU). Placing the interrupt controller in iRMX 86 
mode is done by setting the iRMX mode bit in the pe- 
ripheral control block pointer (see appendix A). 

6.3 Interrupt Controller Registers 

The interrupt controller has a number of registers which 
are used to control its operation (see Figure 49). Some of 
these change their function between the two major 
modes of the interrupt controller (master and iRMX 86 
mode). The differences are indicated in the following 
section. If not indicated, the function and implementa- 
tion of the registers is the same in the two basic modes of 
operation of the interrupt controller. The method of in- 
teraction among the various interrupt controller regis- 
ters is shown in the flowcharts in Figures 57 and 58. 

6.3.1 CONTROL REGISTERS 

Each source of interrupt to the 801 86 has a control regis- 
ter in the internal controller. These registers contain 



MASTER MODE OFFSET ADDRESS jRMX86™ Mode 




INT3 CONTROL REGISTER 


3EH 


® 






INT2 CONTROL REGISTER 


3CH 


© 






INT1 CONTROL REGISTER 


3AH 


TIMER 2 CONTROL REGISTER 






INTO CONTROL REGISTER 


38H 


TIMER 1 CONTROL REGISTER 






DMA1 CONTROL REGISTER 


36H 


DMA1 CONTROL REGISTER 






DMA0 CONTROL REGISTER 


34H 


DMA0 CONTROL REGISTER 






TIMER CONTROL REGISTER 


32H 


TIMER 0 CONTROL REGISTER 






INTERRUPT CONTROLLER STATUS REGISTER 


30H 


INTERRUPT CONTROLLER STATUS REGISTER 






INTERRUPT REQUEST REGISTER 


2EH 


INTERRUPT REQUEST REGISTER 






IN-SERVICE REGISTER 


2CH 


IN SERVICE REGISTER 






PRIORITY MASK REGISTER 


2AH 


PRIORITY MASK REGISTER 






MASK REGISTER 


28H 


MASK REGISTER 






POLL STATUS REGISTER 


26H 









POLL REGISTER 


24H 


© 






EOI REGISTER 


22H 


SPECIFIC EOI REGISTER 






© 


20H 


INTERRUPT VECTOR REGISTER 




1 . Unsupported in this mode: values written may or may not be stored 



Figure 49. '80186 Interrupt Controller Registers 
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Figure 50. Interrupt Controller Control Register 
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Figure 51. 80186 Interrupt Controller In-Service, Interrupt Request and Mask Register Format 



three bits which select one of eight different interrupt 
priority levels for the interrupt device (0 is highest prior- 
ity, 7 is lowest priority), and a mask bit to enable the in- 
terrupt (see Figure 50). When the mask bit is low, the 
interrupt is enabled, when it is high, the interrupt is 
masked. 

There are seven control registers in the 80186 integrated 
interrupt controller. In master mode, four of these serve 
the external interrupt inputs, one each for the two DMA 
channels, and one for the collective timer interrupts. In 
iRMX 86 mode, the external interrupt inputs, are not 
used, so each timer can have its own individual control 
register. 

6.3.2 REQUEST REGISTER 

The interrupt controller includes an interrupt request 
register (see Figure 51). This register contains seven ac- 
tive bits, one for each interrupt control register. When- 
ever an interrupt request is made by the interrupt source 
associated with a specific control register, the bit in in- 
terrupt request register is set, regardless if the interrupt 
is enabled, or if it is of sufficient priority to cause a pro- 
cessor interrupt. The bits in this register which are asso- 
ciated with integrated peripheral devices (the DMA and 
timer units) can be read or written, while the bits in this 
register which are associated with the external interrupt 
pins can only be read (values written to them are not 
stored). These interrupt request bits are automatically 
cleared when the interrupt is acknowledged. 

6.3.3 MASK REGISTER AND PRIORITY 
MASK REGISTER 

The interrupt controller contains a mask register (see 
Figure 51). This register contains a mask bit for each in- 
terrupt source associated with an interrupt control regis- 
ter. The bit for an interrupt source in the mask register is 



identically the same bit as is provided in the interrupt 
control register: modifying a mask bit in the control reg- 
ister will also modify it in the mask register, and vice 
versa. 

The interrupt controller also contains a priority mask 
register (see Figure 52). This register contains three bits 
which indicate the priority of the current interrupt being 
serviced. When an interrupt is acknowledged (either by 
the processor running the interrupt acknowledge or by 
the processor reading the interrupt poll register, see be- 
low), these bits are set to the priority of the device whose 
- interrupt is being acknowledged (which will never be 
lower than the previous priority programmed into these 
bits). They prevent any interrupt of lower priority (as set 
by the priority bits in the interrupt control registers for 
interrupt sources) from interrupting the processor. 
These bits are automatically set to the priority of the 
next lowest interrupt when the End Of Interrupt is is- 
sued by the CPU to the interrupt controller (or all l's if 
there is no interrupt pending, meaning that interrupts of 
all priority levels are enabled). This register may be read 
or written. 
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Figure 52. 80186 Interrupt Controller Priority 
Mask Register Format 



6.3.4 IN-SERVICE REGISTER 

The interrupt controller contains an in-service register 
(see Figure 51). A bit in the in-service register is associ- 
ated with each interrupt control register so that when an 
interrupt request by the device associated with the con- 
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trol register is acknowledged by the processor (either by 
the processor running the interrupt acknowledge or by 
the processor reading the interrupt poll register) the bit 
is set. The bit is reset when the CPU issues an End Of 
Interrupt to the interrupt controller. This register may 
be both read and written, i.e., the CPU may set in-ser- 
vice bits without an interrupt ever occurring, or may re- 
set them without using the EOI function of the interrupt 

controller. * 

/- 

6.3.5 POLL AND POLL STATUS REGISTERS 

The interrupt controller contains both a poll register and 
a poll status register (see Figure 53). Both of these regis- 
ters contain the same information. They have a single bit 
to indicate an interrupt is pending. This bit is set if an 
interrupt of sufficient priority has been received. It is 
automatically cleared when the interrupt is acknowl- 
edged. If (and only if) an interrupt is pending, they also 
contain information as to the interrupt type of the high- 
est priority interrupt pending. 
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Figure 53. 80186 Poll & Poll Status 
Register Format 

Reading the poll register will acknowledge the pending 
interrupt to the interrupt controller just as if the proces- 
sor had acknowledged the interrupt through interrupt 
acknowledge cycles. The processor will not actually run 



any interrupt acknowledge cycles, and will not vector 
through a location in the interrupt vector table. Only the 
interrupt request, in-service and priority mask registers 
in the interrupt controller are set appropriately. Reading 
the poll status register will merely transmit the status of 
the polling bits without modifying any of the other inter- 
rupt controller registers. These registers are read only: 
data written to them i§ not stored. These registers are 
not supported in iRMX 86 mode. The state of the bits in 
these registers in iRMX 86 mode is not defined. Howev- 
er, accessing the poll register location when in iRMX 86 
mode will cause the interrupt controller to "acknowl- 
edge" the interrupt (i.e., the in-service bit and priority 
level mask register bits will be set). 

6.3.6 END OF INTERRUPT REGISTER 

The interrupt controller contains an End Of Interrupt 
register (see Figure 54). The programmer issues an End 
Of Interrupt to the controller by writing to this register. 
After receiving the End Of Interrupt, the interrupt con- 
troller automatically resets the in-service bit for the in- 
terrupt and the priority mask register bits. The value of 
the word written to this register determines whether the 
End Of Interrupt is specific or non-specific. A non-spe- 
cific End Of Interrupt is specified by setting the non- 
specific bit in the word written to the End Of Interrupt 
register. In a non-specific End Of Interrupt, the in-ser- 
vice bit of the highest priority interrupt set is automati- 
cally cleared, while a specific End Of Interrupt allows 
the in-service bit cleared to be explicitly Specified. The 
in-service bit is reset whether the bit was set by an inter- 
rupt acknowledge or if it was set by the CPU writing the 
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Figure 54. 80186 End of Interrupt Register Format 
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Figure 56. 80186 Interrupt Vector Register Format (iRMX 86 mode only) 
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bit directly to the in-service register. If the highest prior- 
ity interrupt is reset, the priority mask register bits will 
change to reflect the next lowest priority interrupt to be 
serviced. If a less than highest priority interrupt in-ser- 
vice bit is reset, the priority mask register bits will not be 
modified (because the highest priority interrupt being 
serviced has hot changed). Only the specific BOI is sup- 
ported in iRMX 86 mode. This register is write only: 
data written is not stored and cannot be read back. 

6.3.7 INTERRUPT STATUS REGISTER 

The interrupt controller also contains an interrupt status 
register (see Figure 55). This register contains four sig- 
nificant bits. There are three bits used to show which 
timer is causing an interrupt. This is required because in 
master mode, the timers share a single interrupt control 
register. A bit in this register is set to indicate which tim- 
er has generated an interrupt. The bit associated with a 
timer is automatically cleared after the interrupt re- 
quest for the timer is acknowledged. More than one of 
these bits may be set at a time. The fourth bit in the in- 
terrupt status register is the DMA halt bit. When set, 
this bit prevents any DMA activity. It is automatically 
set whenever a NMI is received by the interrupt control- 
ler. It can also be set explicitly by the programmer. This 
bit is automatically cleared whenever the IRET instruc- 
tion is executed. All significant bits in this register are 
read/ write. 

6.3.8 INTERRUPT VECTOR REGISTER 

Finally, in iRMX 86 mode only, the interrupt controller 
contains an interrupt vector register (see Figure 56). 
This register is used to specify the 5 most significant bits 
of the interrupt type vector placed on the CPU bus in re- 
sponse to an interrupt acknowledgement (the lower 3 
significant bits of the interrupt type are determined by 
the priority level of the device causing the interrupt in 
iRMX 86 mode). 

6.4 Interrupt Sources 

The 80186 interrupt controller receives and arbitrates 
among many different interrupt request sources, both 
internal and external. Each interrupt source may be pro- 
grammed to be a different priority level in the interrupt 
controller. An interrupt request generation flow chart is 
shown in Figure 57. Such a flowchart would be followed 
independently by each interrupt source. 

6.4.1 INTERNAL INTERRUPT SOURCES 

The internal interrupt sources are the three timers and 
the two DMA channels; An interrupt from each of these 
interrupt sources is latched in the interrupt controller, so 
that if the condition causing the interrupt is cleared in 
the originating integrated peripheral device, the inter- 
rupt request will remain pending in the interrupt con- 
troller. The state of the pending interrupt can be 
obtained by reading the interrupt request register of the 



interrupt controller. For all internal interrupts, the 
latched interrupt request can be reset by the processor 
by writing to the interrupt request register. Note that all 
timers share a common bit in the interrupt request regis- 
ter in master mode. The interrupt controller status regis- 
ter may be read to determine which timer is actually 
causing the interrupt request in this mode. Each timer 
has a unique interrupt vector (see section 6.5.1). Thus 
polling is not required to determine which timer has 
caused the interrupt in the interrupt service routine. 
Also, because the timers share a common interrupt con- 
trol register, they are placed at a common priority level 
as referenced to all other interrupt devices. Among 
themselves they have a fixed priority, with timer 0 as the 
highest priority timer and timer 2 as the lowest priority 
timer. 

6.4.2 EXTERNAL INTERRUPT SOURCES 

The 80186 interrupt controller will accept external in- 
terrupt requests only when it is programmed in master 
mode. In this mode, the external pins associated with the 
interrupt controller may serve either as direct interrupt 
inputs, or as cascaded interrupt inputs from other inter- 
rupt controllers as a programmed option. These options 
are selected by programming the C and SFNM bits in 
the INTO and INT1 control registers (see Figure 50). 

When programmed as direct interrupt inputs, the four 
interrupt inputs are each controlled by an individual in- 
terrupt control register. As stated earlier, these registers 
contain 3 bits which select the priority level for the inter- 
rupt and a single bit which enables the interrupt source 
to the processor. In addition each of these control regis- 
ters contains a bit which selects either edge or level trig- 
gered mode for the interrupt input. When edge triggered 
mode is selected, a low-to-high transition must occur on 
the interrupt input before an interrupt is generated, 
while in level triggered mode, only a high level needs to 
be maintained to generate an interrupt. In edge trig- 
gered mode, the input must remain low at least 1 clock 
cycle before the input is "re-armed." In both modes, the 
interrupt level must remain high until the interrupt is 
acknowledged, i.e., the interrupt request is not latched 
in the interrupt controller. The status of the interrupt in- 
. put can be shown by reading the interrupt request regis- 
ter. Each of the external pins has a bit in this register 
which indicates an interrupt request on the particular 
pin. Note that since interrupt requests on these inputs 
are not latched by the interrupt controller, jf the external 
input goes inactive, the interrupt request (and also the 
bit in the interrupt request register) will also go inactive 
(low). Also, if the interrupt input is in edge triggered 
mode, a low-to-high transition on the input pin must oc- 
vcur before the interrupt request bit will be set in the in- 
terrupt request register. 

If the C (Cascade) bit of the INTO or INT1 control reg- 
isters are set, the interrupt input is cascaded to an exter- 
nal interrupt controller. In this mode, whenever the 
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Figure 57. 80186 Interrupt Request Sequencing 



interrupt presented to the INTO or INT1 line is ac- 
knowledged, the integrated interrupt controller will not 
provide the interrupt type for the interrupt. Instead, two 
INTA bus cycles will be run, with the INT2 and INT3 
lines providing the interrupt acknowledge pulses for the 
INTO and the INT1 interrupt requests respectively. IN- 
T0/INT2 and INT1/INT3 may be individually pro- 
grammed into cascade mode. This allows 128 
individually vectored interrupt sources if two banks of 9 
external interrupt controllers each are used. 

6.4.3 iRMX™ 86 MODE INTERRUPT SOURCES 

When the interrupt controller is configured in iRMX 86 
mode, the integrated interrupt controller accepts inter- 



rupt requests only from the integrated peripherals. Any 
external interrupt requests must go through an external 
interrupt controller. This external interrupt controller 
requests interrupt service directly from the 80186 CPU 
through the INTO line on the 80186, In this mode, the 
function of this line is not affected by the integrated in- 
terrupt controller. In addition, in iRMX 86 mode the in- 
tegrated interrupt controller must request interrupt 
service through this external interrupt controller. This 
interrupt request is made on the INT3 line (see section 
6.7.4 on external interrupt connections). 

6.5 Interrupt Response 

The 80186 can respond to an interrupt in two different 
ways. The first will occur if the internal controller is pro- 
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Figure 58. 80186 Interrupt Acknowledge Sequencing 



viding the interrupt vector information with the control- 
ler in master mode. The second will occur if the CPU 
reads interrupt type information from an external inter- 
rupt controller or if the interrupt controller is in iRMX 
86 mode. In both of these instances the interrupt vector 
information driven by the 80186 integrated interrupt 
controller is not available outside the 80186 
microprocessor. 

In each interrupt mode, when the integrated interrupt 
controller receives an interrupt response, the interrupt 
controller will automatically set the in-service bit and 
the priority mask bits and reset the interrupt request bit 
in the integrated controller. The priority mask bits will 
prevent the controller from generating any further inter- 
rupts to the CPU from sources of lower priority until the 
higher priority interrupt service routine has run. In ad- 
dition, unless the interrupt control register for the inter- 
rupt is set in Special Fully Nested Mode, the interrupt 
controller will prevent any interrupts from occurring 
from the same interrupt line until the in-service bit for 
that line has been cleared. 



6.5.1 INTERNAL VECTORING, MASTER MODE 

In master mode, the interrupt types associated with all 
the interrupt sources are fixed and unalterable. These 
interrupt types are given in Table 5. In response to an in- 
ternal CPU interrupt acknowledge the interrupt con- 
troller will generate the vector address rather than the 
interrupt type. On the 80186 (like the 8086) the inter- 
rupt vector address is the interrupt type multiplied by 4. 
This speeds interrupt response. 



In master mode, the integrated interrupt controller is 
the master interrupt controller of the system. As a re- 
sult, no external interrupt controller need know when 
the integrated controller is providing an interrupt vector, 
nor when the interrupt acknowledge is taking place. As a 
result, no interrupt acknowledge bus cycles will be gen- 
erated. The first external indication that an interrupt 
has been acknowledged will be the processor reading the 
interrupt vector from the interrupt Vector table in low 
memory. 
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Table 5. 80186 Interrupt Vector Types 



Interrupt 


Vector 
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Name 


Type 


Priority 


timer 0 
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timer 1 
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Because the two interrupt acknowledge cycles are not 
run, and the interrupt vector address does not need be be 
calculated, interrupt response to an internally vectored 
interrupt is 42 clock cycles, which is faster then the in- 
terrupt response when external vectoring is required, or 
if the interrupt controller is run in iRMX 86 mode. 

If two interrupts of the same programmed priority occur, 
the default priority scheme (as shown in table 5) is used. 



6.5.2 INTERNAL VECTORING, iRMX™ 86 MODE 

In iRMX 86 mode, the interrupt types associated with 
the various interrupt sources are alterable. The upper 5 
most significant bits are taken from the interrupt vector 
register, and the lower 3 significant bits are taken from 
the priority level of the device causing the interrupt. Be- 
cause the interrupt type, rather than the interrupt vector 
address, is given by the interrupt controller in this mode 
the interrupt vector address must be calculated by the 
CPU before servicing the interrupt. 

In iRMX 86 mode, the integrated interrupt controller 
will present the interrupt type to the CPU in response to 
the two interrupt acknowledge bus cycles run by the pro- 
cessor. During the first interrupt acknowledge cycle, the 
external master interrupt controller determines which 
slave interrupt controller will be allowed to place its in- 
terrupt vector on the microprocessor bus. During the 
second interrupt acknowledge cycle, the processor reads 
the interrupt vector from its bus. Thus, these two inter- 
rupt acknowledge cycles must be run, since the integrat- 
ed controller will present the interrupt type information 
only when the external interrupt controller signals the 
integrated controller that it has the highest pending in- 
terrupt request (see Figure 59). The 80186 samples the 
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Figure 59. 80186 iRMX-86 Mode Interrupt Acknowledge Timing 
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Figure 60. 80186 Cascaded Interrupt Acknowledge Timing 



SLAVE SELECT line during the falling edge of the 
clock at the beginning of T 3 of the second interrupt ac- 
knowledge cycle. This input must be stable 20ns before 
and 10ns after this edge. 

These two interrupt acknowledge cycles will be ru n back 
>to back, and will be LOCKED with the LOCK output 
active (meaning that DMA requests and HOLD re- 
quests will not be honored until both cycles have been 
run). Note that the two interrupt acknowledge cycles 
will always be separated by two idle T states, and that 
wait states will be inserted into the interrupt acknowl- 
edge cycle if a ready is not returned by the processor bus 
interface. The two idle T states are inserted to allow 
compatibility with the timing requirements of an exter- 
nal 82 59 A interrupt controller. 

Because the interrupt acknowledge cycles must be run in 
iRMX 86 mode, even for internally generated vectors, 
and the integrated controller presents an interrupt type 
rather than a vector address, the interrupt response time 
here is the same as if an externally vectored interrupt 
was required, namely 55 CPU clocks. 

6.5.3 EXTERNAL VECTORING 

External interrupt vectoring occurs whenever the 80186 
interrupt controller is placed in cascade mode, special 
fully nested mode, or iRMX 86 mode (and the integrat- 
ed controller is not enabled by the external master inter- 
rupt controller). In this mode, the 80186 generates two 
interrupt acknowledge cycles, reading the interrupt type 



off the lower 8 bits of the address/data bus on the second 
interrupt acknowledge cycle (see Figure 60). This inter- 
rupt response is exactly the same as the 8086, so that the 
825 9 A interrupt controller can be used exactly as it 
would in an 8086 system. Notice that the two interrupt 
acknowledge cycles are LOCKED, and that two idle Te- 
states are always inserted between the two interrupt ac- 
knowledge bus cycles, and that wait states will be 
inserted in the interrupt acknowledge cycle if a ready is 
not returned to the processor. Also notice that the 80186 
provides two interrupt acknowledge signals, one for in- 
terrupts signaled by the INTO line, and one fo r inter- 
rupts signa led by t he INT1 line (on the INT2/INTA0 
and INT3/INTA1 lines, respectively). These two inter- 
rupt acknowledge signals are mutually exclusive. Inter- 
rupt acknowledge status will be dr iven on t he status lines 
(S0-S2) when either INT2/INTA0 or INT3/ 
INTA1 signal an interrupt acknowledge. 



6.6 Interrupt Controller External 
Connections 

The four interrupt signals can be programmably config- 
ured into 3 major options. These are direct interrupt in- 
puts (with the integrated controller providing the 
interrupt vector), cascaded (with an external interrupt 
controller providing the interrupt vector), or iRMX 86 
mode. In all these modes, any interrupt presented to the 
external lines must remain set until the interrupt is 
acknowledged. 
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6.6.1 DIRECT INPUT MODE 

When the Cascade mode bits are cleared, the interrupt 
input lines are configured as direct interrupt input lines 
(see Figure 61). In this mode an interrupt source (e.g., 
an 8272 floppy disk controller) may be directly connect- 
ed to the interrupt input line. Whenever an interrupt is 
received on the input line, the integrated controller will 
do nothing unless the interrupt is enabled, and it is the 
highest priority pending interrupt. At this time, the in- 
terrupt controller will present the interrupt to the CPU 
and wait for an interrupt acknowledge. When the ac- 
knowledge occurs, it will present the interrupt vector ad- 
dress to the CPU. In this mode, the CPU will not run any 
interrupt acknowledge cycles. 
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Figure 61 . 801 86 Non-Cascaded 
Interrupt Connection 

These lines can be individually programmed in either 
edge or level triggered mode using their respective con- 
trol registers. In edge triggered mode, a low-to-high 
transition must occur before the interrupt will be gener- 
ated to the CPU, while in level triggered mode, only a 
high level must be present on the input for an interrupt 
to be generated. In edge trigger mode, the interrupt in- 
put must also be low for at least 1 CPU clock cycle to 
insure recognition. In both modes, the interrupt input 
must remain active until acknowledged. 

6.6.2 CASCADE MODE 

When the Cascade mode bit is set and the SFNM bit is 
cleared, the interrupt input lines are configured in cas- 
cade mode. In this mode, the interrupt input line is 
paired w ith an inte rrupt ac knowledge line. The INT2/ 
INTAO and INT3/INTA1 lines are dual purpose; they 
can function as direct input lines, or the y can fu nction as 
interrupt acknowledge outputs. INT2/INTA0 provides 
the in terrupt acknowledge for an INTO input, and 
INT3/INTA1 provides the interrupt acknowledge for 
an INT1 input. Figure 61 shows this connection. 

When programmed in this mode, in response to an inter- 
rupt request on the INTO line, the 80186 will provide 
two interrupt acknowl edge pul ses. These pulses will be 
provided on the INT2/INTA0 line, and will also be re- 
flected by interrupt acknowledge status being generated 



on the S0-S2 status lines. On the second pulse, the inter- 
rupt type will be read in. The 80186 externally vectored 
interrupt response is covered in more detail in section 
6.5. 
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Figure 62. 80186 Cascade and Special Fully 
Nested Mode Interface 



INT0/INT2/INTA0 and INT 1/INT3/ INTA 1 may be 
individually programmed into interrupt re- 
quest/acknowledge pairs, or program med as d irect in- 
puts. This means that INTO/ INT2/ INTAO may be 
programmed as a n interr upt /acknowledge pair, while 
INT1 and INT3/INTA1 each provide separate inter- 
nally vectored interrupt inputs. 

When an interrupt is received on a cascaded interrupt, 
the priority mask bits and the in-service bits in the par- 
ticular interrupt control register will be set into the in- 
terrupt controller's mask and priority mask registers. 
This will prevent the controller from generating an 
80186 CPU interrupt request from a lower priority in- 
terrupt. Also, since the in-service bit is set, any subse- 
quent interrupt requests on the particular interrupt 
input line will not cause the integrated interrupt control- 
ler to generate an interrupt request to the 80186 CPU. 
This means that if the external interrupt controller re- 
ceives a higher priority interrupt request on one of its in- 
terrupt request lines and presents it to the 80186 
interrupt request line, it will not subsequently be pre- 
sented to the 80186 CPU by the integrated interrupt 
controller until the in-service bit for the interrupt line 
has been cleared. 

6.6.3 SPECIAL FULLY NESTED MODE 

When both the Cascade mode bit and the SFNM bit are 
set, the interrupt input lines are configured in Special 
Fully Nested Mode. The external interface in this mode 
is exactly as in Cascade Mode. The only difference is in 
the conditions allowing an interrupt from the external 
interrupt controller to the integrated interrupt control- 
ler to interrupt the 80186 CPU. 

When an interrupt is received from a special fully nested 
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mode interrupt line, it will interrupt the 801 86 CPU if it 
is the highest priority interrupt pending regardless of the 
state of the in-service bit for the interrupt source in the 
interrupt controller. When an interrupt is acknowledged 
from a special fully nested mode interrupt line, the pri- 
ority mask bits and the in-service bits in the particular 
interrupt control register will be set into the interrupt 
controller's in-service and priority mask registers. This 
will prevent the interrupt controller from generating an 
80186 CPU interrupt request from a lower priority in- 
terrupt. Unlike cascade mode, however, the interrupt 
controller will not prevent additional interrupt requests 
generated by the same external interrupt controller 
from interrupting the 80186 CPU. This means that if 
the external (cascaded) interrupt controller receives a 
higher priority interrupt request on one of its interrupt 
request lines and presents it to the integrated control- 
ler's interrupt request line, it may cause an interrupt to 
be generated to the 80186 CPU, regardless of the state 
of the in-service bit for the interrupt line. 
If the SFNM mode bit is set and the Cascade mode bit is 
not also set, the controller will provide internal interrupt 
vectoring. It will also ignore the state of the in-service bit 
in determining whether to present an interrupt request 
to the CPU. In other words, it will use the SFNM condi- 
tions of interrupt generation with an internally vectored 
interrupt response, i.e., if the interrupt pending is the 
highest priority type pending, it will cause a CPU inter- 
rupt regardless of the state of the in-service bit for the 
interrupt. 

6.6.4 iRMX™ 86 MODE 

When the RMX bit in the peripheral relocation register 
is set, the interrupt controller is set into iRMX 86 mode. 



In this mode, all four interrupt controller input lines are 
used to perform the necessary handshaking with the ex- 
ternal master interrupt controller. Figure 63 shows the 
hardware configuration of the 80186 interrupt lines 
with an externaj controller in iRMX 86 mode. 
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Figure 63. 80186 iRMX86 Mode Interface 

Because the integrated interrupt controller is a slave 
controller, it must be able to generate an interrupt input 
for an external interrupt controller. It also must be sig- 
naled when it has the highest priority pending interrupt 
to know when to place its interrupt vector on the bus. 
These two signals are pro vided by the INT3 /Slave In- 
terrupt Output and INT1 /Slave Select lines, respective- 
ly. The external master interrupt controller must be able 
to interrupt the 801 86 CPU, and needs to know when the 
interru pt requ est is acknowledged. The INTO and 
INT2/INTA0 lines provide these two functions. 
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Figure 64. 80186/8259A Interrupt Cascading 
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6.7 Example 8259A/Cascade Mode 
Interface 

Figure 64 shows the 80186 and 8259 A in cascade inter- 
rupt mode. The code to initialize the 80186 interrupt 
controller is given in Appendix E. Notice that an "inter- 
rupt ready" signal must be returned to the 801 86 to pre- 
vent the generation of wait states in response to the 
interrupt acknowledge cycles. In this configuration the 
INTO and INT2 lines are used as direct interrupt input 
lines. Thus, this configuration provides 10 external in- 
terrupt lines: 2 provided by the 80186 interrupt control- 
ler itself, and 8 from the external 8 259 A. Also, the 
8 259 A is configured as a master interrupt controller. It 
will only receive interrupt acknowledge pulses in re- 
sponse to an interrupt it has generated. It may be cas- 
caded again to up to 8 additional 8259As (each of which 
would be configured in slave mode). 

6.8 Example 80130 iRMX™ 86 Mode 
Interface 

Figure 65 shows the 80186 and 80130 connected in 
iRMX 86 mode. In this mode, the 80130 interrupt con- 
troller is the master interrupt controller of the system. 



The 80186 generates an interrupt request to the 80130 
interrupt controller when one of the 80186 integrated 
peripherals has created an interrupt condition, and that 
condition is sufficient to generate an interrupt from the 
80186 integrated interrupt controller. Note that the 
801 30 decodes the interrupt acknowledge status directly 
from the 80186 status lines; thus, the INT2/INTA0 
line of the 80186 need not be connected to the 80130. 
Figure 65 uses this interrupt acknowledge signal to en- 
able the cascade address decoder. The 80130 drives the 
cascade address on AD8-AD10 during T x of the second 
interrupt acknowledge cycle. This cascade address is 
latched into the system address latches, and if the proper 
cascade addr ess is decoded by the 8205 decoder, the 
80186 INT1/SLAVE SELECT line will be driven ac- 
tive, enabling the 80186 integrated interrupt controller 
to place its interrupt vector on the internal bus. The code 
to configure the 80186 into iRMX 86 mode is presented 
in appendix E. 

6.9 Interrupt Latency 

Interrupt latency time is the time from when the 80186 
receives the interrupt to the time it begins to respond to 
the interrupt. This is different from interrupt response 
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Figure 65. 80186/80130 iRMX86 Mode Interface 
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time, which is the time from when the processor actually 
begins processing the interrupt to when it actually ex- 
ecutes the first instruction of the interrupt service rou- 
tine. The factors affecting interrupt latency are the 
instruction being executed and the state of the interrupt 
enable flip-flop. / 

Interrupts will be acknowledged only if the interrupt en- 
able flip-flop in the CPU is set. Thus, interrupt latency 
will be very long indeed if interrupts are never enabled 
by the processor! 

When interrupts are enabled in the CPU, the interrupt 
latency is a function of the instructions being executed. 
Only repeated instructions will be interrupted before be- 
ing completed, and those only between their respective 
iterations. This means that the interrupt latency time 
could be as long as 69 CPU clocks, which is the time it 
takes the processor to execute an integer divide instruc- 
tion (with a segment override prefix, see below), the 
longest single instruction on the 801 86. 

Other factors can affect interrupt latency. An interrupt 
will not be accepted between the execution of a prefix 
(such as segment override prefixes and lock prefixes) 
and the instruction. In addition, an interrupt will not be 
accepted between an instruction which modifies any of 
the segment registers and the instruction immediately 
following the instruction. This is required to allow the 
stack to be changed. If the interrupt were accepted, the 
return address from the interrupt would be placed on a 
stack which was not valid (the Stack Segment register 
would have been modified but the Stack Pointer register 
would not have been). Finally, an interrupt will not be 
accepted between the execution of the WAIT instr uction 
and the instruction immediately followi ng it if the TEST 
input is active. If the WAIT sees the TEST input in- 
active, however, the interrupt will be accepted, and the 
WAIT will be re-executed after the interrupt return. 
This is required, since the WAIT is used to prevent ex- 
ecution by the 80186 of an 8087 instruction while the 
8087 is busy. 



7. CLOCK GENERATOR 

The 80186 includes a clock generator which generates 
the main clock signal for all 80186 integrated compo- 
nents, and all CPU synchronous devices in the 80186 
system. This clock generator includes a crystal oscilla- 
tor, divide by two counter, reset circuitry, and ready gen- 
eration logic. A block diagram of the clock generator is 
shown in Figure 66. 

7.1 Crystal Oscillator 

The 80186 crystal oscillator is a parallel resonant, 
Pierce oscillator. It was designed to be used as shown in 
Figure 67. The capacitor values shown are approximate. 
As the crystal frequency drops, they should be in- 
creased, so that at the 4 MHz minimum crystal frequen- 
cy supported by the 80186 they take on a value of 30pF. 
The output of this oscillator is not directly available out- 
side the 80186. 




Figure 67. 80186 Crystal Connection 

7.2 Using an External Oscillator 

An external oscillator may be used with the 80186. The 
external frequency input (EFI) signal is connected di- 
rectly to the XI input of the oscillator. X2 should be left 
open, This oscillator input is used to drive an internal di- 
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Figure 66. 80186 Clock Generator Block Diagram 
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Figure 68. 80186 Clock Generator Reset 



vide-by-two counter to generate the CPU clock signal, 
so the external frequency input can be of practically any 
duty cycle, so long as the minimum high and low times 
for the signal (as stated in the data sheet) are met. 

7.3 Clock Generator 

The output of the crystal oscillator (or the external fre- 
quency input) drives a divide by two circuit which gener- 
ates a 50% duty cycle clock for the 80186 system. All 
80186 timing is referenced to this signal, which is avail- 
able on the CLKOUT pin of the 801 86. This signal will 
change state on the high-to-low transition of the EFI 
signal. 

7.4 Ready Generation 

The clock generator also includes the circuitry required 
for ready generation. Interfacing to the SRDY and 
ARDY inputs this provides is covered in section 3.1.6. 

7.5 Reset 

The 80186 clock genera tbr also provides a synchronized 
reset signal for the sy stem. This signal is generated from 
the reset input (RES) to the 80186. The clock generator 
synchronizes this signal to the clockout signal. 

The reset input signal also resets the divide-by-two 
counter. A one clock cycle internal clear pulse is gener- 
ated when the RES input signal first goes active. This 
clear pulse goes active beginning on the first low-to-high 
transition of the XI input after RES goes active, and 
goes inactive on the next low-to- high transition of the XI 
input. In order to insure t hat th e clear pulse is generated 
on the next EFI cycle, the RES input signal must satisfy 
a 25ns setup time to the high-to-low EFI input signal 
(see Figure 68). During this clear, clockout will be high. 
On the next high- to-low transition of XI, clockout will 
go low, and will change state on every subsequent high- 
to^low transition of EFI. 

The reset signal presented to the rest of the 80186, and 
also the signal present on the RESET output pin of the 
80186 is synchronized by the high-to-low transition of 
the clockout signal of the 801 86. This signal remains ac- 



tive asjong as the RES input also remains active. After 
the RES input goes inactive, the 80186 will begin to 
fetch its first instruction (at memory location FFFF0H) 
after 6 1 /2 CPU clock cycles (i.e., T { of the first instruc- 
tion fetch will occur 6 1/2 clock cycles later). To insure 
that the RESET output will go inactive on th e next CPU 
clock cycle, the inactive going edge of the RES input 
must satisfy certain hold and setup times to the low-to- 
high edge of the clockout signal of the 801 86 (see Figure 
69). 




Figure 69. 80186 Coming out of Reset 



8. CHIP SELECTS 

The 80186 includes a chip select unit which generates 
hardware chip select signals for memory and I/O ac- 
cesses generated by the 80186 CPU and DMA units. 
This unit is programmable such that it can be used to 
fulfill the chip select requirements (in terms of memory 
device or bank size and speed) of most small and medi- 
um sized 80 1 86 systems. x 

The chip selects are driven only for internally generated 
bus cycles. Any cycles generated by an external unit 
(e.g., an external DMA controller) will not cause the 
chip selects to go active. Thus, any external bus masters 
must be responsible for their own chip select generation. 
Also, during a bus HOLD, the 80186 does not float the 
chip select lines. Therefore, logic must be included to en- 
able the devices which the external bus master wishes to 
access (see Figure 70). 
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Figure 70. 80186/External Chip Select/Device Chip Select Generation 



8.1 Memory Chip Selects 

The.80186 provides six discrete chip select lines which 
are meant to be connected to memory com ponent s in an 
801 86 system . These signals are named UCS, LCS, 
and MCS0-3 for Upper Memory Chip Select, Lower 
Memory Chip Select and Midrange Memory Chip Se- 
lects 0-3. They are meant (but not limited) to be con- 
nected to the three major areas of the 80186 system 
memory (see Figure 71). 
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Figure 71. 80186 Memory Areas & Chip Selects 

As could be guessed by their names, upper memory, low- 
er memory, and mid-range memory chip selects are de- 
signed to address upper, lower, and middle are as of 
memory in an 80186 s ystem . The upper limit of UCS 
and the lower limit of LCS are fixed at FFFFFH and 
00000H in memory space, respectively. The other limit 
of these is set by the memory size programmed into the 
control register for the chip select line. Mid-range mem- 
ory allows both the base address and the block size of the 
memory area to be programmed. The only limitation is 
that the base address must be programmed to be an inte- 
ger multiple of the total block size* For example, if the 
block size was 128K bytes (4 32K byte chunks) the base 
address could be 0 or 20000H, but not 10000H. 



, The memory chip selects are controlled by 4 registers in 
the peripheral c ontrol blo ck (se e Figure 72). These in- 
clude 1 each for UCS and LCS, the values of which de- 
termine the size of the memory blocks addressed by 
these two lines. The other two registers are used to con- 
trol the size and base address of the mid-range memory 
block. 

On reset, only UCS is active. It is programmed by reset 
to be active for the top 1 K memory block, to insert 3 wait 
states to all memory fetches, and to factor external 
ready for every memory fetch (see section 8.3 for more 
information on internal ready generation). All other 
chip select registers assume indeterminate states after 
reset, but none of the other chip select lines will be active 
until all necessary registers for a signal have been ac- 
cessed (not necessarily written, a read to an uninitialized 
register will enable the chip select function controlled by 
tha| register). 

8.2 Peripheral Chip Selects 

The 80186 provides seven discrete chip select lines 
which are meant to be connected to peripheral compo- 
nents in an 80186 system. These signals are named 
PCSO-6. Each of these lines is active for one of seven 
contiguous 128 byte areas in memory or I/O space 
above a programmed base address. 

The peripheral chip selects are controlled by two regis- 
ters in the internal peripheral control block (see Figure 
72). These registers allow the base address of the periph- 
erals to be set, and allow the peripherals to be mapped 
into memory or I/O space. Both of these registers must 
be accessed before any of the peripheral chip selects will 
become active. 



A bit in the MFCS register allows PCS5 and PCS6 
to become l atched Al and A2 outputs. When this option 
is selected, PCS5 jind PCS6 will reflect the state of Al 
and A2 throughout a bus cycle. These are provided to al- 
low external peripheral register selection in a system in 
which the addresses are not latched. Upon reset, these 
lines are driven high. They will only reflect Al and A2 
after both PACS and MPCS have been accessed (and 
are programmed to provide Al and A2!). 

8.3 Ready Generation 

The 80186 includes a ready generation unit. This unit 
generates an internal ready signal for all accesses to 
memory or I/O areas to which the chip select circuitry of 
the 80186 responds. 
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Figure 72. 80186 Chip Select Control Registers 



For each ready generation area, 0-3 wait states may be 
inserted by the internal unit. Table 6 shows how the 
ready control bits should be programmed to provide this. 
In addition, the ready generation circuit may be pro- 
grammed to ignore the state of the external ready (i.e., 
only the internal ready circuit will be used) or to factor 
the state of the external ready (i.e., a ready will be re- 
turned to the processor only after both the internal ready 
circuit has gone ready and the external ready has gone 
ready). Some kind of circuit must be included to gener- 
ate an external ready, however, since upon reset the 
ready generator is programmed to factor external ready 
to all accesses to the top IK byte memory block. If a 
ready was not returned on one of the external ready lines 
(ARDY or SRDY) the processor would wait forever to 
fetch its first instruction. 



Table 6. 80186 Wait State Programming 



R2 


R1 


R0 


Number of Wait States 


0 


0 


0 


0 + external ready 


0 


0 , 


1 


1 + external ready 


0 


1 


0 


2 + external ready 


0 


1 ' 


1 


3 + external ready 


1 


0 


0 


0 (no external ready required) 


1 


0 


1 


1 (no external ready required) 


1 


1 


0 


1 (no external ready required) 


1 


1 


1 


3 (no external ready required) 



8.4 Examples of Chip Select Usage 

Many examples of the use of the chip select lines are giv- 
en in the bus interface section of this note (section 3.2). 
These examples show how simple it is to use the chip se- 
lect function provided by the 80186. The key point to re- 
member when using the chip select function is that they 
are only activated during bus cycles generated by the 
80186 CPU or DMA units. When another master has 
the bus, it must generate its own chip select function. In 
addition, whenever the bus is given by the 80186 to an 
external master (through the HOLD/ HLDA arrange- 
ment) the 80186 does NOT float the chip select lines. 

8.5 Overlapping Chip Select Areas 

Generally, the chip selects of the 80186 should not be 
programmed such that any two areas overlap. In addi- 
tion, none of the programmed chip select areas should 
overlap any of the locations of the integrated 256-byte 
control register block. The consequences of doing this 
are: 

Whenever two chip select lines are programmed to 
respond to the same area, both will be activated dur- 
ing any access to that area. When this is done, the 
ready bits for both areas must be programmed to the 
same value. If this is not done, the processor response 
to an access in this area is indeterminate. 

If any ofethe chip select areas overlap the integrated 
256-byte control register block, the timing on the 
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chip select line is altered. As always, any values re- 
turned on the external bus from this access are ig- 
nored. 

9. SOFTWARE IN AN 80186 SYSTEM 

Since the 80186 is object code compatible with the 8086 
and 8088, the software in an 80186 system is very simi- 
lar to that in an 8086 system. Because of the hardware 
chip select functions, however, a certain amount of ini- 
tialization code must be included when using those func- 
tions on the 80186. 

9.1 System Initialization in an 
80186 System 

Most programmable components of a computer system 
must be initialized before they are used. This is also true 
for the 80186. The 80186 includes circuitry which di- 
rectly affects the ability of the system to address mem- 
ory and I/O devices, namely the chip select circuitry. 
This circuitry must be initialized before the memory 
areas and peripheral devices addressed by the chip select 
signals are used. 

Upon reset, the UMCS register is programmed to be ac- 
tive for all memory fetches within the top IK byte of 
memory space. It is also programmed to insert three 
wait states to all memory accesses within this space. If 
the hardware chip selects are used, they must be pro- 
grammed before the processor leaves this IK byte area 
of memory. If a jump to an area for which the chips are 
not selected occurs, the microcomputer system will 
cease to operate (since the processor will fetch garbage 
from the data bus). Appendix F shows a typical initial- 
ization sequence for the 80186 chip select unit. 

Once the chip selects have been properly initialized, the 
rest of the 80186 system may be initialized much like an 
8086 system. For example, the interrupt vector table 
might get set up, the interrupt controller initialized, a 
serial I/O channel initialized, and the main program be- 
gun. Note that the integrated peripherals included in the 
80186 do not share the same programming model as the 
standard Intel peripherals used to implement these 
functions in a typical 8086 system, i.e., different values 
must be programmed into different registers to achieve 
the same function using the integrated peripherals. Ap- 
pendix F shows a typical initialization sequence for an 
interrupt driven system using the 80186 interrupt 
controller. 

9.2 Initialization for iRMX™ 86 System 

Using the iRMX 86 operating system with the 801 86 re- 
quires an external 8259A and an external 8253/4 or al- 
ternatively an external 80130 OSF component. These 
are required because the operating system is interrupt 
driven, and expects the interrupt controller and timers to 
have the register model of these external devices. This 



model is not the same as is implemented by the 80186. 
Because of this, the 80186 interrupt controller must be 
placed in iRMX 86 mode after reset. This initialization 
can be done at any time after reset before jump to the 
root task of iRMX 86 System is actually performed. If 
need be ? a small section of code which initializes both 
the 80186 chip selects and the 801 86 interrupt controller 
can be inserted between the reset vector location and the 
beginning of iRMX 86 System (see Figure 73). In this 
case, upon reset, the processor would jump to the 80186 
initialization code, and when this has been completed, 
would jump to the iRMX 86 initialization code (in the 
root task). It is important that the 80186 hardware be 
initialized before iRMX 86 operation is begun, since 
some of the resources addressed by the 80186 system 
may not be initialized properly by iRMX 86 System if 
the initialization is done in the reverse manner. 
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Figure 73. iRMX-86 Initialization with 
8086 & 80186 

9.3 Instruction Execution Differences 
Between the 8086 and 80186 

There are a few instruction execution differences be- 
tween the 8086 and the 80186. These differences are: 

Undefined Opcodes: 

When the opcodes 63H,64H,65H,66H,67H,F1H, 
FEH XX111XXXB arid FFH XX111XXXB 
are executed, the 80186 will execute an illegal in- 
struction exception, interrupt type 6. The 8086 
will ignore the opcode. 

0FH opcode: 

When the opcode 0FH is encountered, the 8086 
will execute a POP C§, while the 80186 will ex- 
ecute an illegal instruction exception, interrupt 
type 6. 

Word Write at Offset FFFFH: 

When a word write is performed at offset 
FFFFH in a segment, the 8086 will write one 
byte at offset FFFFH, and the other at offset 0, 
while the 80186 will write one byte at offset 
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FFFFH, and the other at offset 10000H (one 
byte beyond the end of the segment). One byte 
segment underflow will also occur (on the 80186) 
if a stack PUSH is executed and the Stack Point- 
er contains the value 1 . 

Shift/Rotate by Value Greater Then 31: 

Before the 80186 performs a shift or rotate by a 
value (either in the CL register, or by an immedi- 
ate value) it ANDs the value with 1FH, limiting 
the number of bits rotated to less than 32. The 
8086 does not do this. 

LOCK prefix: 

The 8086 activates its LOCK signal immediately 
after executing the LOCK prefix. The 80186 
does not activate the LOCK signal until the pro- 
cessor is ready to begin the data cycles associated 
with the LOCKed instruction. 

Interrupted String Move Instructions: 

If an 8086 is interrupted during the execution of 
a repeated string move instruction, the return 
value it will push on the stack will point to the 
last prefix instruction before the string move in- 
struction. If the instruction had more than one 
prefix (e.g., a segment override prefix in addition 
to the repeat prefix), it will not be re-executed 
upon returning from the interrupt. The 80186 
will push the value of the first prefix to the re- 
peated instruction, so long as prefixes are not re- 
peated, allowing the string instruction to 
properly resume. 

Conditions causing divide error with an integer 
divide: 

The 8086 will cause a divide error whenever the 
absolute value of the quotient is greater then 
7FFFH (for word operations) or if the absolute 
value of the quotient is greater than 7FH (for 
byte operations). The 80186 has expanded the 
range of negative numbers allowed as a quotient 



by 1 to include 8000H and 80H. These numbers 
represent the most negative numbers representa- 
ble using 2's complement arithmetic (equaling 
— 32768 and — 128 in decimal, respectively). 

ESC Opcode: 

The 80186 may be programmed to cause an in- 
terrupt type 7 whenever an ESCape instruction 
(used for co-processors like the 8087) is execut- 
ed. The 8086 has no such provision. Before the 
80186 performs this trap, it must be pro- 
grammed to do so. 

These differences can be used to determine whether the 
program is being executed on an 8086 or an 80186. 
Probably the safest execution difference to use for this 
purpose is the difference in multiple bit shifts. For exam- 
ple, if a multiple bit shift is programmed where the shift 
count (stored in the CL register!) is 33, the 8086 will 
shift the value 33 bits, whereas the 80186 will shift it 
only a single bit. 

In addition to the instruction execution differences not- 
ed above, the 80186 includes a number of new instruc- 
tion types, which simplify assembly language 
programming of the processor, and enhance the perfor- 
mance of higher level languages running on the proces- 
sor. These new instructions are covered in depth in the 
8086/80186 users manual and in appendix H of this 
note. 



10. CONCLUSIONS 

The 80186 is a glittering example of state-of-the art in- 
tegrated circuit technology applied to make the job of 
the microprocessor system designer simpler and faster. 
Because many of the required peripherals and their in- 
terfaces have been cast in silicon, and because of the 
timing and drive latitudes provided by the part, the de- 
signer is free to concentrate on other issues of system de- 
sign. As a result, systems designed around the 80186 
allow applications where no other processor has been 
able to provide the necessary performance at a compara- 
ble size or cost. 
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APPENDIX A: PERIPHERAL CONTROL 
BLOCK 

All the integrated peripherals within the 80186 micro- 
processor are controlled by sets of registers contained 
within an integrated peripheral control block. The regis- 
ters are physically located within the peripheral devices 
they control, but are addressed as a single block of regis- 
ters. This set of registers fills 256 contiguous bytes and 
can be located beginning on any 256 byte boundary of 
the 80186 memory or I/O space. A map of these regis- 
ters is shown in Figure A- 1 . 

A.1 Setting the Base Location of the 
Peripheral Control Block 

In addition to the control registers for each of the inte- 
grated 80186 peripheral devices, the peripheral control 



block contains the peripheral control block relocation 
register. This register allows the peripheral control block 
to be re-located on any 256 byte boundary within the 
processor's memory or I/O space. Figure A-2 shows the 
layout of this register. 

This register is located at offset FEH within the periph- 
eral control block. Since it is itself contained within the 
peripheral control block, any time the location of the pe- 
ripheral control block is moved, the location of the relo- 
cation register will also move. 

In addition to the peripheral control block relocation in- 
formation, the relocation register contains two addition- 
al bits. One is used to set the interrupt controller into 
iRMX86 compatibility mode. The other is used to force 
the processor to trap whenever an ESCape (coprocessor) 
instruction is encountered. 



Relocation Register 



DMA Descriptors Channel 1 



DMA Descriptors Channel 0 



Chip-Select Control Registers 



Timer 2 Control Registers 



Timer 1 Control Registers 



Timer 0 Control Registers 



Interrupt Controller Registers 



OFFSET 
FEH 



DAH 
DOH 

CAH 
COH 

A8H 
AOH 

66H 

60H 
5EH 

58H 
56H 

50H 

3EH 
20H 



Figure A-1. 80186 Integrated Peripheral Control Block 

3-313 



AFN-210973 



inteT 



AP-186 





15 


14 


13 


12 


11 10 9 8 7 ,6 5 4 3 2 1 0 


OFFSET: FEH 


ET 


RMX 


X 


M/IO 


Relocation Address Pits R19-R8 




ET 

M/IO 

RMX 


= ESC Trap / No ESC Trap (1/0) 
= Register block located in Memory / I/O Space (1/0) 
= Master Interrupt Controller mode / IRMX compatible 
Interrupt Controller mode (0/1) 



Figure A-2. 80186 Relocation Register Layout 



Because the relocation register is contained within the 
peripheral control block, upon reset the relocation regis- 
ter is automatically programmed with the value 20FFH. 
This means that the peripheral control block will be lo- 
cated at the very top (FF00H to FFFFH) of I/O space. 
Thus, after reset the relocation register will be located at 
word location FFFEH in I/O space. 

If the user wished to locate the peripheral control block 
starting at memory location 10000H he would program 
the peripheral control register with the value 1 100H. By 
doing this, he would move all registers within the inte- 
grated peripheral control block to memory locations 
10000H to 100FFH. Note that since the relocation reg- 
ister is contained within the peripheral control block, it 
too would move to word location 100FEH in memory 
space. 

A.2 Peripheral Control Block Registers 

Each of the integrated peripherals' control and status 
registers are located at a fixed location above the pro- 
grammed base location of the peripheral control block. 
There are many locations within the peripheral control 
block which are not assigned to any peripheral. If a write 
is made to any of these locations, the bus cycle will be 
run, but the value will not be stored in any internal loca- 
tion. This means that if a subsequent read is made to the 
same location, the value written will not be read back. 

The processor will run an external bus cycle for any 
memory or I/O cycle which accesses a location within 
the integrated controf block. This means that the ad- 
dress, data, and control information will be driven on the 
80186 external pins just as if a "normal" bus cycle had 
been run. Any information returned by an external de- 
vice will be ignored, however, even if the access was to a 
location which does not correspond to any of the inte- 



grated peripheral control registers. The above is also 
true for the 80188, except that the word access made to 
theintegrated registers will be performed in a single bus 
cycle, with only the lower 8 bits of data being driven by 
the write cycle (since the upper 8 bits of data are non- 
existant on the external data bus!) 

The processor internally generates a ready signal when- 
ever any of the integrated peripherals are accessed; thus 
any external ready signals are ignored whenever an ac- 
cess is made to any location within the integrated pe- 
ripheral register control block. This ready will also be 
returned if an access is made to a location within the 256 
byte area of the periperal control block which does not 
correspond to any integrated peripheral control register. 
The processor will insert 0 wait states to any access with- 
in the integrated peripheral control block except for ac- 
cesses to the timer registers. ANY access to the timer 
control and counting registers will incur 1 wait state. 
This wait state is required to properly multiplex proces- 
sor and counter element accesses to the timer control 
registers. ' 

All accesses made to the integrated peripheral control 
block must be WORP accesses. Any write to the inte- 
grated registers will modify all. 16 bits of the register, 
whether the opcode specified a byte write or a word 
write. A byte read from an even location should cause no 
problems, but the data returned when a byte read is per- 
formed from an odd address within the peripheral con- 
trol block is undefined. This is true both for the 80186 
AND the 80188. As stated above, even though the 
80188 has an external 8 bit data bus, internally it is still 
a 16 bit machine. Thus, the word accesses performed to 
the integrated registers by the 80188 will each occur in a 
single bus cycle with only the lower 8 bits of data being 
driven on the external data bus (on a write). 
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APPENDIX B: 80186 SYNCHRONIZATION 
INFORMATION 

Many input signals to the 80186 are asynchronous, that 
is, a specified set up or hold time is not required to insure 
proper functioning of the device. Associated with each of 
these inputs is a synchronizer which samples this exter- 
nal asynchronous signal, and synchronizes it to the in- 
ternal 80186 clock. 

B.1 Why Synchronizers Are Required 

Every data latch requires a certain set up and hold time 
in order to operate properly. At a certain window within 
the specified set up and hold time, the part will actually 
try to latch the data. If the input makes a transition 
within this window, the output will not attain a stable 
state within the given output delay time. The size of this 
sampling window is typically much smaller than the ac- 
tual window specified by the data sheet, however part to 
part variation could move this window around within the 
specified window in the data sheet. 

Even if the input to a data latch makes a transition while 
a data latch is attempting to latch this input, the output 
of the latch will attain a stable state after a certain 
amount of time, typically much longer than the normal 
strobe to output delay time. Figure B-l shows a normal 
input to output strobed transition and one in which the 
input signal makes a transition during the latch's sample 
window. In order to synchronize an asynchronous signal, 
all one needs to do is to sample the signal into one data 
latch, wait a certain amount of time, then latch it into a 
second data latch. Since the time between the strobe into 
the first data latch and the strobe into the second data 
latch allows the first data latch to attain a steady state 
(or to resolve the asynchronous signal), the second data 
latch will be presented with an input signal which satis- 
fies any set up and hold time requirements it may have. 
Thus, the output of this second latch is a synchronous 
signal with respect to its strobe input. 

A synchronization failure can occur if the synchronizer 
fails to resolve the asynchronous transition within the 
time between the two latch's strobe signals. The rate of 
failure is determined by the actual size of the sampling 



STROBE 
INPUT 



INVALID 
INPUT 
RESPONSE • 



SET-UPTIME 



hrl 



HOLD TIME 



ACTUAL SAMPLING INSTANT 



RESOLUTION TIME 



INPUT 



RESPONSE • 



Figure B-1. Valid & Invalid Latch Input 
Transitions & Responses 



window of the data latch, and by the amount of time be- 
tween the strobe signals of the two latches. Obviously, as 
the sampling window gets smaller, the number of times 
an asynchronous transition will occur during the sam- 
pling window will drop. In addition, however, a smaller 
sampling window is also indicative of a faster resolution 
time for an input transition which manages to fall within 
the sampling window. 

B.2 80186 Synchronizers 

The^ 8 0186 contains synchronizers on the RES, 
TEST, Tmrln0-1, DRQ0-1, NMI, INT0-3, ARDY, and 
HOLD input lines. Each of these synchronizers use the 
two stage synchronization technique described above 
(with some minor modifications for the ARDY line, see 
section 3.1.6). The sampling window of the latches is de- 
signed to be in the tens of pico-seconds, and should allow 
operation of the synchronizers with a mean time be- 
tween failures of over 30 years assuming continuous 
operation. 
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APPENDIX C: 80186 EXAMPLE DMA INTERFACE CODE 

assembly.example.80 1 86-DMA.support 



$modl86 
name 



This file contains an example procedure which initializes the 80186 DMA 

controller to perform the DMA transfers between the 80186 system the the 
8272 Floppy Disk Controller (FDC). It assumes that the 80186 
peripheral control block has not been moved from its reset location. 



argl 


equ 


word ptr [BP + 4] 


arg2 


equ 


word ptr [BP + 6] 


arg3 


equ 


word ptr [BP + 8] 


DMA.FROM.LOWER 


equ 


OFFCOh 


DMA.FROM.UPPER 


equ 


0FFC2h 


DMA.TOXOWER 


equ 


0FFC4h 


DMA-TO-UPPER 


equ 


0FFC6h 


DMA-COUNT 


equ 


0FFC8h 


DMA-CONTROL 


equ 


OFFCAh 


DMA.TO.DISK.CONTROL 


equ 


01486h 



DMA-FROM.DISK-CONTROLequ 



FDC.DMA 
FDC-DATA 
FDCSTATUS 

cgroup 
code 



equ 
equ 
equ 



0A046h 



6B8h 
688h 
680h 



; DMA register locations 



destination synchronization 
source to memory, incremented 
destination to I/O 
no terminal count 
byte transfers 

source synchronization 
source to I/O 

destination to memory, incr 
no terminal count 
byte transfers 
FDC DMA address 
FDC data register 
FDC status register 



group code 
segment 

public set-dma. 

assume cs:cgroup 



public 'code' 



setdma (offset,to) programs the DMA channel to point one side to the 

disk DMA address, and the other to memory pointed to by ds:offset. If 
'to' = 0 then will be a transfer from disk to memory; if 
'to' = 1 then will be a transfer from memory to disk. The parameters to 
the routine are passed on the stack. 



set-dma. 



proc 
enter 
v push 
push 
push 
test 



near 

0,0 

AX 

BX 

DX 

arg2,l 



jz from-disk 
performing a transfer from memory to the disk controller 



mov 
rol 



AX,DS 
AX,4 



set stack addressability 
save registers used 



check to see direction of 
transfer 



get the segment value 
gen the upper 4 bits of the 
physical address in the lower 4 
bits of the register 
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noxarryjfrom: 



from_disk: 



mov 


da,Aa 


save the result... 


mov 


DX,DMA_FROM_UPPER 


prgm the upper 4 bits of the 


out 


DX,AX 


DMA source register 


and 


AX,0FFF0h 


form the lower 16 bits of the 






physical address 


add 


AX,argl 


add the offset 


mov 


DX,DMA-FROM_LOWER 


prgm the lower 16 bits of the 


out 


DX,AX 


DMA source register 


jnc 


no.carry.from 


check for carry out of addition 


inc 


BX 


if carry out, then need to adj 


mov 


AX,BX 


the upper 4 bits of the pointer 


mov 


DX,DMA.FROM.UPPER 




out 


DX,AX 




mov 


AA,r DC-DMA 


prgm the low lo bits oi the DMA 


mov 


L/A,DMA-10.LOWbR 


destination register 


out 


DX,AX 


xor 


AX,AX 


zero the up 4 bits of the DMA 


mov 


DX,DMA-TO.UPPER 


destination register 


out 


DX,AX 




mov 


AX,DMA.TOJ)ISBLCONTROL 


prgm the DMA ctl reg 


mov 


DX,DMA_CONTROL 


note: DMA may begin immediatly 


out 


DX,AX 


after this word is output 


pop 


DX 


pop 


BX 




pop 


AX 




leave 






ret 






' disk to memory 




mov 


AX,DS 




rol 


AX 4 




mov 


dx!dma-T(xupper 




out 


DX,AX 




mov 


BX,AX 




and 


AX,0FFF0h 




add 


AX,argl 




mov 


DX,DMA.TO.LOWER 




out 


DX,AX 




jnc 


no.carry.to 




inc 


BX 




mov 


AX,BX 




mov 


DX,DMA.TO.UPPER 




out 


DX,AX 





no.carry.to: 



AX,FDC_DMA 



mov DX,DMAJFROM_LOWER 

out DX,AX 

xor AX,AX 

mov DX,DMA_FROM_UPPER 

out DX,AX 

mov AX,DMA.FROM_DISKXONTROL 

mov DX,DMA_CONTROL 
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out 


DX,AX 




pop 


DX 




pop 


BX 




pop 


AX 




leave 






ret 




setdma. 


endp 




code 


ends 






end 
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APPENDIX D: 80186 EXAMPLE TIMER INTERFACE CODE 



$modl86 
name 



example.80 1 86.timer.code 



this file contains example 80186 timer routines. The first routine 
sets up the timer and interrupt controller to cause the timer 
to generate an interrupt every 10 milliseconds, and to service 
interrupt to implement a real time clock. Timer 2 is used in 
this example because no input or output signals are required. 
The code example assumes that the peripheral control block has 
not been moved from its reset location (FFOO-FFFF in I/O space). 



argl 


equ 


woro ptr [Or 4j 


arg2 


equ 


word ptr [BP + 6] 


arg3 


equ 


word ptr [BP + 8] 


timer.2int 


equ 


19 


timer.2control - 


equ 


0FF66h 


timer.2max.ctl 


equ 


0FF62h 


timer_int_ctl 


equ 


0FF32h 


eolregister 


equ 


0FF22h 


interrupLstat 


equ 


0FF30h 


data 


segment 






public 


hour.,minute.,secon( 


msec_ 


db 


9 


hour_ 


db 


7 


minute- 


db 


7 


second- 


db 


7 


data 


ends 




cgroup 


group 


code 


dgroup 


group 


data 


code 


segment 






public 


set-time. 




assume 


cs:code,ds:dgroup 



timer 2 has vector type 19 



interrupt controller regs 



public 'data' 



public *code' 



settime(hour,minute,second) sets the time variables, initializes the 
80186 timer2 to provide interrupts every 10 milliseconds, and 
programs the interrupt vector for timer 2 



set-time. 



proc 
enter 
push 
push 
push 
push 

xor 



mov 
mov 



near 

0,0 

AX 

DX 

SI 

DS 

AX,AX 



DS,AX 

SI,4 * timer2.int 



; set stack addressability 
; save registers used 



set the interrupt vector 
the timers have unique 
interrupt 

vectors even though they share 
the same control register 
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settime. 

timer2interruptroutine 



bump.second: 



bump.minute: 



mov 


DS: f SI] ,offset timer.2interrupLroutine 


inc 


SI 




inc 


SI 




mov 






DOD 


DS 




mov 


AY arffl 


eft flip tim** valiif»c - 
SCI lllv llllic ValUvs « 


mov 


hour AT, 




mov 


AX,arg2 




mov 


minute_,AL 




mov 


AX,arg3 




mov 


second.,AL 




mov 


msec.,0 




mov 


DX,timer2_max.ctl 


set the max count value 


mov 


AX,20000 


10 ms / 500 ns (timer 2 counts 






at 1 /4 the CPU clock rate i 


out 


DX,AX 




mov 


DX,timer2.control 


set the control word 


mov 


AX, 1 1 1 000000000000 1 b 


enable counting 






generate interrupts on TC 






continuous counting 


out 


DX,AX 




mov 


DX,timerintctl 


set up the interrupt controller 


mov 


AX,0000b 


unmask interrupts 






highest priority interrupt 


out 


DX,AX 




sti 




enable processor interrupts 


pop 


SI 




DOD 


DX 




pop 


AX 




leave 






ret 






endp 






proc 


far 




push 


AX 




push 


DX 




cmp 


msec. 99 


j see if one second has passed 


jae 


hnmn second 

\J 1X11* U-OvvuliU 


if above or enual 


inc 


msec. ' ( 




jmp 


rpGAf if|f />fl 




mov 


msec.,0 


; reset millisecond 


cmp 


second.,59 


; see if one minute has passed 


jae 


bump-minute 




inc 


second. 




jmp 


resetintctl 




mov 


second.,0 




cmp 


minute.,59 


; see if one hour has passed 


jae 


bump-hour 




inc 


minute. 




jmp 


resetintctl 
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bump-hour: 



resetiiour: 
resetintxtl: 



mov 

cmp 

jae 

inc 

jmp 

mov 



minute.,0 
hour., 12 
reset-hour 
hour. 

reset.int.ctl 
hour.,1 



see if 12 hours have passed 



DX,eoLregister 

AX,8000h 

DX,AX 

DX 
AX 



timer2.interrupt.routine 
code 

$modl86 
name 



mov 
mov 
out 

pop 

pop 

iret 

endp 

ends 

end 



example.80 1 86.baud.code 



non-specific end of interrupt 



this file contains example 80186 timer routines. The second routine 
sets up the timer as a baud rate generator. In this mode, 
Timer 1 is used to continually output pulses with a period of 
6.5 usee for use with a serial controller at 9600 baud 
programmed in divide by 16 mode (the actual period required 
for 9600 baud is 6.5 1 usee). This assumes that the 801 86 is 
running at 8 MHz. The code example also assumes that the 
peripheral control block has not been moved from its reset 
location (FF00-FFFF in I/O space). 



timer Lcontrol 
timer 1-max.cnt 

code 



equ 
equ 



0FF5Eh 
0FF5Ah 



segment 

assume cs:code 



public 'code* 



set.baud() initializes the 80186 timer 1 as a baud rate generator for 
a serial port running at 9600 baud 



set_baud_ 



proc near 

push AX 

push DX 

mov DX,timerljnax-cnt 

mov AX, 13 

out DX,AX 

mov DX,timer Lcontrol 

mov AX,1 100000000000001b 



out DX,AX 



; save registers used 



set the max count value 
500ns* 13 = 6.5 usee 

set the control word 
enable counting 
no interrupt on TC 
continuous counting 
single max count register 



pop 
pop 



DX 
AX 
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set_baucL 
code 

$modl86 
name 



*ret 
endp 
ends 
end 

example.80 1 86.count.code 



this file contains example 80186 timer routines. The third routine 
sets up the timer as an external event counter. In this mode, 
Timer 1 is used to count transitions on its input pin. After 
the timer has been set up by the routine, the number of 
events counted can be directly read from the timer count 
register at location FF58H in I/O space. The timer will 
count a maximum of 65535 timer events before wrapping 
around to zero. This code example also assumes that the 
peripheral control block has not been moved from its reset 
location (FF00-FFFF in I/O space). 



timer 1. control 
timer Lmax_cnt 
timer Lcntreg 

code 



equ 0FF5Eh 

equ 0FF5 Ah 

equ OFF58H 

segment 

assume cs:code 



setcountQ initializes the 80186 timerl as an event counter 



setcount 



proc near 

push AX 

push DX 

mov DX,timerljnax_cnt 

mov AX,0 

out DX,AX 

mov DX,timerl .control 

mov AX,1 100000000000101b 



out DX,AX 



public 'code' 



save registers used 



set the max count value 
allows the timer to count 
all the way Co FFFFH 

set the control word 
enable counting 
no interrupt on TC 
continuous counting 
single max count register 
external clocking 



xor 

mov 

out 

pop 
pop 
ret 



AX,AX 

DX,timerl.cnt_reg 
DX,AX 

DX 
AX 



zero AX 

and zero the count in the timer 
count register 



seLcounL 
code 



endp 
ends 
end 
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APPENDIX E: 80186 EXAMPLE 
INTERRUPT CONTROLLER INTERFACE 
CODE 



$modl86 
name 



example.80 1 86-interrupt.code 



This routine configures the 80186 interrupt controller to provide 
two cascaded interrupt inputs (through an external 8259A 
interrupt controller on pins INT0/INT2) and two direct 
interrupt inputs (on pins INT1 and INT3). The default priority 
levels are used. Because of this, the priority level programmed 
into the control register is set the 1 1 1 , the level all 
interrupts are programmed to at reset. 



intO.control 
inUnask 

code 

setint- 



equ 
equ 



0FF38H 
0FF28H 



segment 

assume CS.code 

proc near 

push DX 

push AX 



mov 



mov 
out 



AX,0100111B 

DX,int0.control 
DX,AX 



public 'code' 



cascade mode 
interrupt unmasked 



seUnt. 
code 

$modl86 
name 



AX,01001101B 

DX,intmask 

DX,AX 

AX 

DX 



now unmask the other external 
interrupts 



mov 

out 

pop 

pop 

ret 

endp 

ends 

end 



example.80 1 86.interrupt.code 



This routine configures the 80186 interrupt controller into iRMX 86 
mode. This code does not initialize any of the 80186 
integrated peripheral control registers, nor does it initialize 
the external 8259 A or 80 1 30 interrupt controller. 



relocation_reg 

code 

seLrmx. 



equ 


OFFFEH 


segment 




assume 


CSicode 


proc 


near 


push 


DX 


push 


AX 


mov 


DX,relocatioiLreg 


in 


AX,DX 


or 


AX,0100000000000000B 


out 


DX,AX 



public 'code' 



read old contents of register 
set the RMX mode bit 
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pop AX 
pop DX 



ret 

setrmx_ endp 
code ends 

end 
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APPENDIX F: 80186/8086 EXAMPLE 
SYSTEM INITIALIZATION CODE 

name example_80186_systeminit 

This file contains a system initialization routine for the 80186 

or the 8086. The code determines whether it is running on 
an 80186 or an 8086, and if it is running on an 80186, it 
initializes the integrated chip select registers. 

restart segment at 

This is the processor reset address at 0FFFF0H 



restart 



org 
jmp 
ends 



0 

far ptr initialize 



OFFFFh 



iniLhw 



extrn monitonfar 
segment at 
assume CSiiniUiw 



OFFFOh 



This segment initializes the chip selects. It must be located in the 
1 top 1 H to insure that the ROM remains selected in the 801 86 

system until the proper size of the select area can be programmed. 



UMCS_reg 

LMCS_reg 

PACS-reg 

MPCS_reg 

UMCS.value 

LMCS-value 

PACS.value 

MPCS-value 

initialize 



equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 

proc 

mov 

mov 

shr 

test 

jz 

mov 
mov 
out 

mov 
mov 
out 



mov 
out 



OFFAOH 

0FFA2H 

0FFA4H 

0FFA8H 

0F800H 

07F8H 

72H 

OBAH 

far 

AX,2 

CL,33 

AX,CL 

AX,1 

noL80186 

DX,UMCS_reg 

AX,UMCS.value 

DX,AX 

DX,LMCS_reg 

AX,LMCS.value 

DX,AX 

DX,PACS_reg 



AX,PACS.value 
DX,AX 



; chip select register locations 



64K, no wait states 
32K, no wait states 
peripheral base at 400H, 2 ws 
PCS5 and 6 supplies, 
peripherals in I/O space 

determine if this is an 
8086 or an 80186 (checks 
to see if the multiple bit 
shift value was ANDed) 



program the UMCS register 



; program the LMCS register 



set up the peripheral chip 
selects (note the mid-range 
memory chip selects are not 
needed in this system, and 
are thus not initialized 
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mov DX,MPCS-reg 

mov AX,MPCS.value 

out DX,AX 

Now that the chip selects are all set up, the main program of the 
cqmputer may be executed. 

not_80186: 

jmp far ptr monitor 
initialize endp 
init-hw ends 

end 
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APPENDIX G: 80186 WAIT STATE 
PERFORMANCE 

Because the 80186 contains seperate bus interface and 
execution units, the actual performance of the processor 
will not degrade at a constant rate as wait states are add- 
ed to the memory cycle time from the processor. The ac- 
tual rate of performace degfadation will depend on the 
type and mix of instructions actually encountered in the 
user's program. 

Shown below are two 80186 assembly language pro- 
grams, and the actual execution time for the two pro- 
grams as wait states are added to the memory system of 
the processor. These programs show the two extremes to 
which wait states will or will not effect system perfor- 
mance as wait states are introduced. 

Program 1 is very memory intensive. It performs many 
memory reads and writes using the more extensive mem- 
ory addressing modes of the processor (which also take a 
greater number of bytes in the opcode for the instruc- 
tion). As a result, the execution unit must constantly 
wait for the bus interface unit to fetch and perform the 
memory cycles to allow it to continue. Thus, the execu- 
tion time of this type of routine will grow quickly as wait 
states are added, since the execution time is almost total- 
ly limited to the speed at which the processor can run bus 
cycles. 

Note also that this program execution times calculated 
by merely summing up the number of clock cycles given 
in the data sheet will typically be less than the actual 
number of clock cycles actually required to run the pro- 
gram. This is because the numbers quoted in the data 
sheet assume that the opcode bytes have been prefetched 
and reside in the 80186 prefetch queue for immediate 
access by the execution unit. If the execution unit cannot 



access the opcode bytes immediatly upon request, dead 
clock cycles will be inserted in which the execution unit 
will remain idle, thus increasing the number of clock cy- 
cles required to complete execution of the program. 

On the other hand, program 2 is more CPU intensive. It 
performs many integer multiplies, during which time 
the bus interface unit can fill up the instruction pre- 
fetch queue in parallel with the execution unit perform- 
ing the multiply. In this program, the bus interface unit 
can perform bus operations faster than the execution 
unit actually requires them to be run. In this case, the 
performance degradation is much less as wait states are 
added to the memory interface. The execution time of 
this program is closer to the number of clock cycles cal- 
culated by adding the number of cycles per instruction 
because the execution unit does not have to wait for the 
bus interface unit to place an opcode byte in the prefetch 
queue as often. Thus, fewer clock cycles are wasted by 
the execution unit laying idle for want of instructions. 
Table G-l lists the execution times measured for these 
two programs as wait states were introduced with the 
80186 running at 8 MHz. 



Table G-1 





Program 1 


Program 2 


#of 


Exec 




Exec 




Wait 


Time 


Perf 


Time 


Perf 


States 


(Msec) 


Degr 


0*sec) 


Degr 


0 


505 




294 




1 


. 595 


18% 


311 


6fo 


2 


669 


12% 


337 


8% 


3 


752 


12% 


347 


3% 



$modl86 

name example_waiLstate>performance 

; This file contains two programs which demonstrate the 80186 performance 

; degradation as wait states are inserted. Program 1 performs a 

; transformation between two types of characters sets, then copies 

; the transformed characters back to the original buffer (which is 64 

; bytes long. Program 2 performs the same type of transformation, however 

; instead of performing a table lookup, it multiplies each number in the 

; original 32 word buffer by a constant (3, note the use of the integer 

; immediate multiply instruction). Program "nothing" is used to measure 

; the call and return times from the driver program only. 

cgroup group code 

dgroup group data 

data segment public 'data' 
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Uable 


db 


256 dup (?) 




Lstring 


db 


64 dup (?) 




mLarray 


dw 


32 dup (?) 




data 


ends 






code 






public *code' 




ClaaUlllV 


CS:cgroup,DS:dgroup 






fin hi ic 


bench. 1 ,bench.2,nothing^ wait_state.,set_timer_ 


bench- 1 


proc 


near 






push 


SI 


; save registers used 




^ push 


CX 






push 


BX 






push 


AX 






mov 


CX,64 


; translate 64 bytes 




mov 


SI,0 






mov 


BH,0 




loon hflifk' 










mov 


BL,Lstring[SI] 


; get the byte 




mov 


AL,Uable[BX] 


; translate byte 




mov 


Lstring[SI],AL 


; and store it 




inc 


SI 


; increment index 




loop 


loop-back 


; do the next byte 




pop 


AX 






pop 


BX 






pop 


CX 






pup 


SI 






ret 






bench. 1 


endp 






bench_2 


proc 


near 






push 


AX 


; save registers used 




push 


SI 






push 


CX 






mov 


CX,32 


; multiply 32 numbers 




mov 


SI,offset m_array 














imul 


AX,word ptr [SI] ,3 


; immediate multiply 




mov 


word ptr [SI], AX 






inc 


SI 






inc 


SI 






loop 


loop-back.2 






POD 


CX 






* pop 


SI 






pop 


AX 






ret 






bench_2_ 


endp 
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nothing- 
nothing. 



proc 

ret 

endp 



wait-state(n) sets the 80186 LMCS register to the number of wait states 

(0 to 3) indicated by the parameter n (which is passed on the stack). 
No other bits of the LMCS register are modified. 



waiLstate. 



contents 



waiLstate. 



proc 
enter 
push 
push 
push 

mov 
mov 

in 

and 
and 
or 
out 

pop 

pop 

pop 

leave 

ret 

endp 



near 

0,0 

AX 

BX 

DX 

BX,word ptr [BP + 4] 
DX,0FFA2h 

AX,DX 

AX,0FFFCh 
BX,3 
AX,BX 
DX,AX 

DX 
BX 
AX 



set up stack frame 
save registers used 



get argument 

get current LMCS register 



and off existing ready bits 
insure ws count is good 
adjust the ready bits 
and write to LMCS 



; tear down stack frame 



seLtimer() initializes the 80186 timers to count microseconds. Timer 2 
is set up as a prescaler to timer 0, the microsecond count can be read 
directly out of the timer 0 count register at location FF50H in I/O 
space. 

set-timer. 



proc 


near 


push 


AX 


push 


DX 


mov 


DX,0ff66h 


mov 


AX,4000h 


out 


DX,AX 


mov 


DX,0ff50h 


mov 


AX,0 


out 


DX,AX 


mov 


DX,0ff52h 


mov 


AX,0 


out 


DX,AX 



stop timer 2 



clear timer 0 count 



timer 0 counts up to 65535 
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mov DX,0ff56h ; enable timer 0 

mov AX,0c009h 

out DX,AX 

mov DX,0ff60h ; clear timer 2 count 

mov AX,0 

out DX,AX 

mov DX,0ff62h ; set maximum count of timer 2 

mov AX,2 

out DX,AX 

mov DX,0ff66h ; re-enable timer 2 

mov AX,0c001h 

out DX,AX 

pop DX 

pop AX 
ret 

seLtimer- endp 
code ends 

end 
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APPENDIX H: 80186 NEW INSTRUCTIONS 

The 80186 performs many additional instructions to 
those of the 8086. These instructions appear shaded in 
the instruction set summary at the back of the 80186 
data sheet. This appendix explains the operation of these 
new instructions. In order to use these new instructions 
with the 8086/186 assembler, the "$modl86" switch 
must be given to the assembler. This can be done by plac- 
ing the line: "$modl86" at the beginning of the assem- 
bly language file. 

• PUSH immediate 

This instruction allows immediate data to be pushed 
onto the processor stack. The data can be either an im- 
mediate byte or an immediate word. If the data is a byte, 
it will be sign extended to a word before it is pushed onto 
the stack (since all stack operations are word 
operations). " 

• PUSHA, POPA 

These instructions allow all of the general purpose 
801 86 registers to be saved on the stack, or restored from 
the stack. The registers saved by this instruction (in the 
order they are pushed onto the stack) are AX, CX, DX, 
BX, SP, BP, SI, and DI. The SP yalue pushed onto the 
stack is the value of the register before the first PUSH 
(AX) is performed; the value popped for the SP register 
is ignored. 

This instruction does not save any of the segment regis- 
ters (CS, DS, SS, ES), the instruction pointer (IP), the 
flag register, -or any of the integrated peripheral 
registers. 

• IMUL by an immediate value 

This instruction allows a value to be multiplied by an im- 
mediate value. The result of this operation is 16 bits 
long. One operand for this, instruction is obtained using 
one of the 80186 addressing modes (meaning it can be in 
a register or in memory). The immediate value can be 
either a byte or a word, but will be sign extended if it is a 
byte. The 16-bit result of the multiplication can be 
placed in any of the 80186 general purpose or pointer 
registers. 

This instruction requires three operands: the register in 
which the result is to be placed, the immediate value, 
and the second operand. Again, this second operand can 
be any of the 80186 general purpose registers or a speci- 
fied memory location. 

• shifts/rotates by an immediate value 

The 80186 can perform multiple bit shifts or rotates 
where the number of bits to be shifted is specified by an 



immediate value. This is different from the 8086, where 
only a single bit shift can be performed, or a multiple 
shift can be performed where the number of bits to be 
shifted is specified in the CL register. 

All of the shift/rotate instructions of the 80186 allpw 
the number of bits shifted to be specified by an immedi- 
ate value. Like all multiple bit shift operations per- 
formed by the 80186, the number of bits shifted is the 
number of bits specified modulus 32 (i.e. the maximum 
number of bits shifted by the 80186 multiple bit shifts is 
31). 

These instructions require two operands: the operand to 
be shifted (which may be a register or a memory location 
specified by any of the 80186 addressing modes) and the 
number of bits to be shifted. 

• block input/output 

The 80186 adds two new input/output instructions: INS 
and OUTS. These instructions perform block input or 
output operations. They operate similarly to the string 
move instructions of the processor. 

The INS instruction performs block input from an I/O 
port to memory. The I/O address is specified by the DX, 
register; the memory location is pointed to by the DI reg- 
ister. After the operation is performed, the DI register is 
adjusted by 1 (if a byte input is specified) or by 2 (if a 
word input is specified). The adjustment is either an in- 
crement or a decrement, as determined by the Direction 
bit in the flag register of the processor. The ES segment 
register is used for memory addressing, and cannot be 
overridden. When preceeded by a REPeat prefix, this in- 
struction allows blocks of data to be moved from an I/O 
address to a block of memory Note that the I/O address 
in the DX register is not modified by this operation. 

The OUTS instruction performs block output from 
memory to an I/O port. The I/O address is specified by 
the DX register; the memory location is pointed to by the 
SI register. After the operation is performed, the SI reg- 
ister is adjusted by 1 (if a byte output is specified) or by 
2 (if a word output is specified). The adjustment is either 
an increment or a decrement, as determined by the Di- 
rection bit in the flag register of the processor. The DS 
segment register is used for memory addressing, but can 
be overridden by using a segment override prefix. When 
preceeded by a REPeat prefix, this instruction allows 
blocks of data to be moved from a block of memory to an 
I/O address. Again note that the I/O address in the DX 
register is not modified by this operation. 

Like the string move instruction, these two instructions 
require two operands to specify whether word or byte op- 
erations are to take place. Additionally, this determina- 
tion can be supplied by the mnemonic itself by adding a 
"B" or "W" to the basic mnemonic, for example: . 
INSB ; perform byte input 

REP OUTS W ; perform word block output 
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• BOUND 

The 80186 supplies a BOUND instruction to facilitate 
bound checking of arrays. In this instruction, the calcu- 
lated index into the array is placed in one of the general 
purpose registers of the 80186. Located in two adjacent 
word memory locations are the lower and upper bounds 
for the array index. The BOUND instruction compares 
the register contents to the memory locations, and if the 
value in the, register is not between the values in the 
memory locations, an interrupt type 5 is generated. The 
comparisons performed are SIGNED comparisons. A 
register value equal to either the upper bound or the low- 
er bound will not cause an interrupt. 

This instruction requires two arguments: the register in 
which the calculated array index is placed, and the word 
memory location which contains the lower bound of the 
array (which can be specified by any of the 80186 mem- 
ory addressing modes). The memory location containing 
the upper bound of the array must follow immediatly the 
memory location containing the lower bound of the 
array. 

• ENTER and LEAVE 

The 80186 contains two instructions which are used to 
build and tear down stack frames of higher level, block 
structured languages. The instruction used to build 
these stack frames is the ENTER instruction. The algo- 
rithm for this instruction is: 

PUSH BP /* save the previous frame 

pointer */ 

if level = 0 then 
BP:=SP; 

else tempi := SP; /* save current frame pointer 

7 



temp2 : — level - 1; 

do while temp2 > 0 /* copy down previous 
frame */ 
/* pointers */ 



BP:= BP -2; 

PUSH [BP]; 
BP := tempi; 
PUSH BP; 



/* put current level 
pointer */ 



level 



frame 



/* in the save area */ 

SP :=* SP - disp; /* create space on the stack 
for*/ 

/* local variables */ 

Figure H-l shows the layout of the stack before and 
after this operation. 

This instruction requires two operands: the first value 
(disp) specifies the number of bytes the local variables of 
this routine require. This is an unsigned value and can be 
as large as 65535. The second value (level) is an un- 
signed value which specifies the level of the procedure. It 
can be as great as 255. 

The 801 86 includes the LEAVE instruction to tear down 
stack frames built up by the ENTER instruction. As can 
be seen from the layout of the stack left by the ENTER 
instruction, this involves only moving the contents of the 
BP register to the SP register, and popping the old BP 
value from the stack. 

Neither the ENTER nor the LEAVE instructions save 
any of the 80186 general purpose registers. If they must 
be saved, this must be done in addition to the ENTER 
and the LEAVE. In addition, the LEAVE instruction 
does not perform a return from a subroutine. If this is 
desired, the LEAVE instruction must be explicitly fol- 
lowed by the RET instruction. 



j 



BEFORE 



AFTER 



SP 



OLD BP 



OLD FRAME 



PTRS. 



CURRENT FRAME 
PTR 



LOCAL 
VARIABLE 
AREA 



Figure H-1. ENTER Instruction Stack Frame 
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APPENDIX I: 80186/80188 DIFFERENCES 

The 801 88 is exactly like the 801 86, except it has an 8 bit 
external bus. It shares the same execution unit, timers, 
peripheral control block, interrupt controller, chip se- 
lect, and DMA logic. The differences between the two 
caused by the narrower data bus are: 

• The 80188 has a 4 byte prefetch queue, rather than 
the 6 byte prefetch queue present on the 80186. The 
reason for this is since the 80188 fetches opcodes one 
byte at a time, the number of bus cycles required to 
fill the smaller queue of the 801 88 is actually greater 
than the number of bus cycles required to fill the 
queue of the 80186. As a result, a smaller queue is 
required to prevent an inordinate number of bus cy- 
cles being wasted by prefetching opcodes to be dis- 
carded during a jump. 

• AD8-AD15 on the 80186 are transformed to A8- 
Al 5 on the 80188. Valid address information is pre- 
sent on these lines throughout the bus cycle of the 
80188. Valid address information is not guaranteed 
on these lines during idle T states. 

• BHE/S7 is always defined HIGH by the 80188, 
since the upper half of the data bus is non-existant. 



• The DMA controller^ of the 80188 only performs 
byte transfers. The B/W bit in the DMA control 
word is ignored. 

• Execution times for many memory access instruc- 
tions are increased because the memory access must 
be funnelled through a narrower data bus. The 
80188 also will be more bus limited than the 80186 
(that is, the execution unit will be required to wait 
for the opcode information to be fetched more often) 
because the data bus is narrower. The execution time 
within the processor, however, has not changed be- 
tween the 80186 and the 80188. 

Another important point is that the 80188 internally is a 
16-bit machine. This means that any access to the inte- 
grated peripheral registers of the 80188 will be done in 
1 6-bit chunks, NOT in 8-bit chunks. All internal periph- 
eral registers are still 1 6- bits wide, and only a single read 
or write is required to access the registers. When an ac- 
cess is made to the internal registers, only a single bus 
cycle will be run, and only the lower 8-bits of the written 
data will be driven on the external bus. All accesses to 
registers within the integrated peripheral block must be 
WORD accesses. 
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iAPX 86/10 
16-BIT HMOS MICROPROCESSOR 

8086/8086-2/8086-1 



Direct Addressing Capability 1 
MByte of Memory 

Architecture Designed for Powerful 
Assembly Language and Efficient 
High Level Languages. 

14 Word, by 16-Bit Register Set with 
Symmetrical Operations 

24 Operand Addressing Modes 

Bit, Byte, Word, and Block Operations 

8 and 16-Bit Signed and Unsigned 



Arithmetic in Binary or Decimal 
Including Multiply and Divide 

Range of Clock Rates: 

5 MHz for 8086, 

8 MHz for 8086-2, 
10 MHz for 8086-1 

MULTIBUS™ System Compatible 
Interface 

Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



The Intel iAPX 86/10 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is 
implemented in N-Channel, depletion load, silicon gate technology (HMOS),. and packaged in a 40-pin CerDlP package. 
The iAPX 86/10 operates in both single processor and multiple processor configurations to achieve high performance 
levels. 



EXECUTION UNIT 



REGISTER FILE 



BUS INTERFACE UNIT 



DATA 
POINTER AND 
INDEX REGS 
(8 WORDS) 



SEGMENT 
REGISTERS 
AND 
INSTRUCTION 
POINTER 
(5 WORDS) 




GND 
AD14 
AD13 
AD12 
AD11 
AD10 
A09 
ADS 
A07 
A 06 
AD5 
AD4 
AD3 
A02 
AD1 
ADO 
NMI 
INTR 
CLK 
GND 



C 

C 2 

C 3 

C 4 

C 5 

C 6 

C 7 

C 8 

C 9 

C 10 

C " 

C 12 

C 13 

C 14 

C 15 

C 16 

C 17 

C 18 

C 19 

C 20 



30 



25 



40 □ V CC 
39 3 AD15 
38 D A16/S3 
37 J A17/S4 
36 □ A18/S5 
35 □ A19/S6 
34 3 BH1/S7 
33 J MN/MX 
32 □ RD 
31 □ RQ/GT0 

□ RQ/GT1 
3 LOCK 

□ S2 ' 

3 si 

□ so 

□ QS0 

3 osi 

3 TEST 
3 READY 
3 RESET 



(HOLD) 

(HLDA) 

(WR) 

(M/IO) 

(DT/R) 

(DEN) 

(ALE) 

(iNTA) 



40 LEAD 



CLK RESET READY MN/MX GND 



Figure 1. iAPX 86/10 CPU Block Diagram 



Figure 2. iAPX 86/10 Pin Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for iAPX 86 systems in either minimum or maximum mode. The "Local 
Bus" in these descriptions is the direct multiplexed bus interface connection to the 8086 (without regard to additional 
bus buffers). 



Symbol 



Pin No. 



Type 



Name and Function 



AD 15 -AD 0 



2-16,39 



I/O 



Address Data Bus: These lines constitute the ti me m ultiplexed memory/IO address (T-i) 
and data (T 2 , T 3 , T w , T4) bus. A 0 is analogous to BHE for the lower byte of the data bus, 
pins D7-D0. It is LOW during T-j when a byte is to be transferred on the lower portion of 
the bus in memory or I/O operations. Eight-bit oriented devices tied to the lower half 
would normally use A 0 to condition chip select functions. (See BHE.) These lines are 
active HIGH and float to 3-state OFF during interrupt acknowledge and local bus "hold 
acknowledge." 



A 19 /S 6 , 
A18/S5, 
A17/S4, 
A 16 /S 3 



35-38 



Address/Status: During T1 these are the four most signi- 
ficant address lines for memory operations. During I/O 
operations these lines are LOW. During memory and I/O 
operations, status information is available on these 
lines during T 2 , T 3 , T w , and T 4 . The status of the interrupt 
enable FLAG bit (S 5 ) is updated at the beginning of each 
CLK cycle. A17/S4 and A16/S3 are encoded as shown. 

This information indicates which relocation register is 
presently being used for data accessing. 

These lines float to 3-state OFF during local bus "hold 
acknowledge." 



A 17 /S 4 


A16/S 3 


Characteristics 


0(LOW) 


0 


Alternate Data 


0 


1 


Stack 


1 (HIGH) 
1 


0 

1 


Code or None 
Data 


S 6 is 0 






(LOW) 







BHE/S7 



34 



Bus Hi gh En able/Status: During T1 the bus high enable 
signal (BHE) should be used to enable data onto the 
most significant half of the data bus, pins P 15 -D 8 . Eight- 
bit oriented devices tied to the upper half of the bus 
would norm ally use BHE to condition chip select func- 
tions. BHE is LOW during T-| for read, write, and inter- 
rupt acknowledge cycles when a byte is to be transfer- 
red on the high portion of the bus. The S7 status informa- 
tion is available during T 2 , T 3 , and,T 4 . The signal is active 
LOW, and floats to 3-state OFF in "hold." It is LOW dur- 
ing T<[ for the first interrupt acknowledge cycle. 



bRT 


AO 


Characteristics 


0 


0 


Whole word 


0 


1 


Upper byte from/ 






to odd address 


1 


0 


Lower byte from/ 






to even address 


1 


1 


None 



RD 



32 



Read: Read strobe indicates that the processor is performing a memory of I/O read cy- 
cle, depending on the state ofjhe S 2 pin. This signal is used to read devices which 
reside on the 8086 local bus. RD is active LOW during T 2 , T 3 and T w of any read cycle, 
and is guaranteed to remain HIGH in T 2 until the 8086 local bus has floated. 

This signal floats to 3-state OFF in "hold acknowledge." 



READY 



22 



READY: is the acknowledgement from the addressed memory or I/O device that it will 
complete the data transfer. The READY signal from memory/IO is synchronized by the 
8284A Clock Generator to form READY. This signal is active HIGH. The 8086 READY in- 
put is not synchronized. Correct operation is not guaranteed if the setup and hold 
times are not met. 



INTR 



18 



Interrupt Request: is a level triggered input which is sampled during the last clock cy- 
cle of each instruction to determine if the processor should enter into an interrupt 
acknowledge operation. A subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be internally masked by software resetting the inter- 
rupt enable bit. INTR is internally synchronized. This signal is active HIGH. 



TEST 



23 



TEST: input is examined by the "Wait" instruction. If the TEST input is LOW execution 
continues, otherwise the processor waits in an "Idle" state. This input is synchronized' 
internally during each clock cycle on the leading edge of CLK. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


NMI 


17 


I 


Non-maskable interrupt: an edge triggered input which causes a type 2 interrupt. A 
subroutine is vectored to via an interrupt vector lookup table located in system 
memory. NMI is not maskable internally by software. A transition from a LOW to HIGH 
initiates the interrupt at the end of the current instruction. This input is internally syn- 
chronized. 


RESET 


21 


I 


Reset: causes the processor to immediately terminate its present activity. The signal 
must be active HIGH for at least four clock cycles. It restarts execution, as described in 
the Instruction Set description, when RESET returns LOW. RESET is internally syn- 
chronized. 


CLK 


19 


I 


Clock: provides the basic timing for the processor and bus controller. It is asymmetric 
with a 33% duty cycle to provide optimized internal timing. 


Vcc 


40 




V C c: + 5V power supply pin. 


GND 


1,20 




Ground 


MN/MX 


33 


I 


Minimum/Maximum: indicates what mode the processor is to operate in. The two 
modes are discussed in the following sections. 



The following pin function descriptions are for the 8086/8288 system in maximum mode (i.e., MN/MX = V, S s)- Only the 
pin functions which are unique to maximum mode are described; all other pin functions are as described above. 



S2, Si, So 



26-28 



Status: active during T4, T 1t and T 2 and is returned to the 
passive state (1,1,1) during T 3 or during T w when READY 
is HIGH. This status is used by the 8288 Bus Contrdller 
to generate all memory and I/O access control signals. 
Any change by §2, S-i, or So during T4 is used to indicate 
the beginning of a bus cycle, and the return to the pas- 
sive state in T 3 or T w is used to indicate the end of a bus 
cycle. 

These signals float to 3-state OFF in "hold acknowl- 
edge." These status lines are encoded as shown. 



s 2 


Si 


s 0 


Characteristics 


0 (LOW) 


0 


0 


Interrupt 








Acknowledge 


0 


0 


1 


Read I/O Port 


0 


1 


0 


Write I/O Port 


0 


1 


1 


Halt 


1 (HIGH) 


0 


0 


Code Access 


1 


0 


1 


Read Memory 


1 


1 


0 


Write Memory 


1 


1 


1 


Passive 



RQ/?3To, 
RQ/STt 



30, 31 



I/O 



Request/Grant: pins are used by other local bus masters to force the processor to 
release the local bus at_ the end of the processor's current bus cycle. Each pin is 
bidirectional with RQ/GT 0 having higher priority than RQ/GT-i.^Q/GT has an internal 
pull-up resistor, so may be left unconnected. The request/grant sequence is as follows 
(see Figure 9): 

1. A pulse of 1 CLK wide from another local bus master indicates a local bus request 
("hold") to the 8086 (pulse 1). 

2. During a T 4 or T| clock cycle, a pulse 1 CLK wide from the 8086 to the requesting master 
(pulse 2), indicates that the 8086 has allowed the local bus to float and that it will enter 
the "hold acknowledge" state at the next CLK. The CPU's bus interface unit is discon- 
nected logically from the local bus during "hold acknowledge." 

3. A pulse 1 CLK wide from the requesting master indicates to the 8086 (pulse 3) that 
the "hold" request is about to end and that the 8086 can reclaim the local bus at the 
next CLK. 

Each master-master exchange of the local bus is a sequence of 3 pulses. There must 
be one dead CLK cycle after each bus exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, it will release the local 
bus during T 4 of the cycle when all the following conditions are met: 

1. Request occurs on or before T 2 . 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 

4. A locked instruction is not currently executing. 



3-336 



AFN-01497D 



inter 



iAPX 86/10 



Table 1. Pin Description (Continued) 



Symbol 



Pin No. 



Type 



Name and Function 



If the local bus is idle when the request is made the two possible events will follow: 

1. Local bus will be released during the next clock. 

2. A memory cycle willstart within 3 clocks. Now the four rules for a currently active 
memory cycle apply with condition number 1 already satisfied. 



29 



LOCK: output indi cates that other system b us mas ters are not to gain control of the 
system bus while LOCK is active LOW. The LOCK signal is activated by the "LOCK" 
prefix instruction and remains active until the completion of the next instruction. This 
signal is active LOW, and floats to 3-state OFF in "hold acknowledge." 



QS 1f QS 0 



24, 25 



Queue Status: The queue status 
is valid during the CLK cycle 
after which the queue operation 
is performed. 

QS 1 and QSo provide status to 
allow external tracking of the 
internal 8086 instruction queue. 



QSt 




CHARACTERISTICS 


0(LOW) 
0 

1 (HIGH) 
1 


0 

1 

0 

1 


No Operation 

First Byte of Op Code from Queue 
Empty the Queue 
Subsequent Byte from Queue 



The following pin function descriptions are for the 8086 in minimum mode (i. e., MN/MX = V cc ). Only the pin functions which 
are unique to minimum mode are described; all other pin functions are as described above. 



M/IO 


28 


0 


Status line: logically equivalent to S 2 in the maximum mode. It is used to distinguish a 
memory access from an I/O access. M/IO becomes valid in the T 4 preceding a bus cycle 
and remains valid until the final T 4 of the cycle (M= HIGH, 10= LOW). M/IO floats to 
3-state OFF in local bus "hold acknowledge." 


WR 


29 


0 


Write: indicates that the processor is performing a write memory or write I/O cycle, 
depending on the state of the M/IO signal. WR is active for T 2 , T 3 and T w of any write cy- 
cle. It is active LOW, and floats to 3-state OFF in local bus "hold acknowledge." 


INTA 


24 


0 


INTA is used as a read strobe for interrupt acknowledge cycles. It is active LOW during 
T 2 , T 3 and T w of each interrupt acknowledge cycle. 


ALE 


25 


0 


Address Latch Enable: provided by the processor to latch the address into the 8282/ 
8283 address latch. It is a HIGH pulse active during 1^ of any bus cycle. Note that ALE 
is never floated. 


DT/R 


27 


0 


Data Transmit/Receive: needed in minimum system that desires to use an 8286/8287 
data bus transceiver. It is used to control the direction of data flow through the 
transceiver. Logically DT/R is equivalent to S-i in the maximum moxle, and its timing is 
the same as for M/IO.(T= HIGH, R= LOW.) This signal floats to 3-state OFF in local bus 
"hold acknowledge." f 


DEN 


26 


0 


Data Enable: provided as an output enable for the 8286/8287 in a minimum system 
which uses the transceiver. DEN is active LOW during each memory and I/O access and 
for INTA cycles. For a read or INTA cycle it is active from the middle of T 2 until the mid- 
dle of T4, while for a write cycle it is active from the beginning of T 2 until the middle of 
T 4 . DEN floats to 3-state OFF in local bus "hold acknowledge." 


HOLD, 
HLDA 


31,30 


I/O 


HOLD: indicates that another master is requesting a local bus "hold." To be acknowl- 
edged, HOLD must be active HIGH. The processor receiving the "hold" request will 
issue HLDA (HIGH) as an acknowledgement in the middle of a T-, clock cycle. Simul- 
taneous with the issuance of HLDA the processor will float the local bus and control 
lines. After HOLD is detected as being LOW, the processor will LOWer the HLDA, and 
when the processor needs to run another cycle, it will again drive the local bus and 
control lines. 

The same rules as for RQIGT apply regarding when the local bus will be released. 

HOLD is not an asynchronous input. External synchronization should be provided if the 
system cannot otherwise guarantee the setup time. 
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FUNCTIONAL DESCRIPTION 
GENERAL OPERATION 

The internal functions of the iAPX 86/10 processor are 
partitioned logically into two processing units. The first is 
the Bus Interface Unit (BIU) and the second is the Exe- 
cution Unit (EU) as shown in the block diagram of 
Figure 1. 

These units can interact directly but for the most part 
perform as separate asynchronous operational process- 
ors. The bus interface unit provides the functions related 
to instruction fetching and queuing, operand fetch and 
store, and address relocation. This unit also provides the 
basic bus control. The overlap of instruction pre-fetching 
provided by this unit serves to increase processor perfor- 
mance through improved bus bandwidth utilization. Up to 
6 bytes of the instruction stream can be queued while 
waiting for decoding and execution. 

The instruction stream queuing mechanism allows the* 
BIU to keep the memory utilized very efficiently. When- 
ever there is space for at least 2 bytes in the queue, the 
BIU will attempt a word fetch memory cycle. This greatly 
reduces "dead time" on the memory bus. The queue 
acts as a First-ln-First-Out (FIFO) buffer, from which the 
EU extracts instruction bytes as required. If the queue is 
empty (following a branch instruction, for example), the 
first byte into the queue immediately becomes available 
to the EU. 



The execution unit receives pre-fetched instructions 
from the BIU queue and provides un-relocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. See the Instruction Set 
description for further register set and architectural 
descriptions. 



MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga- 
nized as a linear array of up to 1 million bytes, addressed 
as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3a.) 

All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow- 
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or odd 
address boundaries and are thus not constrained to 
even boundaries as is the case in many 16-bit com- 
puters. For address and data operands, the least signifi- 
cant byte of the word is stored in the lower valued 
address location and the most significant byte in the 
next higher address location. The BIU automatically per- 
forms the proper number of memory accesses, one if 
the word operand is on an even byte boundary and two if 
it is on an odd byte boundary. Except for the perfor- 
mance penalty, this double access is transparent to the 
software. This performance penalty does not occur for 
instruction fetches, only word operands. 

Physically, the memory is organized as a high bank 
(D 15 -D 8 ) and a low bank (D 7 -D 0 ) of 51 2K 8-bit bytes 
addressed in parallel by the processor's address lines 

A19 - Ai. Byte data with even addresses is transferred on 
the D7-D0 bus lines while odd addressea byte data (Ao 
HIGH) is transferred on the Dis -Dsb us lines. The process- 
- or provides two enable signals, BHE and Ao, to selectively 
allow reading from or writing into either an odd byte 
location, even byte location, or both. The instruction 
stream is fetched from memory as words and is addressed 
internally by the processor to the byte level as necessary. 



Memory 
Reference Need 


Segment Register 
Used 


Segment 
Selection Rule 


Instructions 


CODE (CS) 


Automatic with all instruction prefetch. 


Stack 


STACK (SS) 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 


DATA (DS) 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicitly selected using a 
segment override. 
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t 

i 

64 KB 



SEGMENT 
REGISTER FILE 



CODE SEGMENT 



STACK SEGMENT 



> DATA SEGMENT 



EXTRA DATA SEGMENT 



Figure 3a. Memory Organization 

In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the start- 
ing byte of the word is on an even or odd address, 
respectively. Consequently, in referencing word oper- 
ands performance can be optimized by locating data on 
even address boundaries. This is an especially useful 
technique for using the stack, since odd address refer- 
ences to the stack may adversely affect the context 
switching time for interrupt processing or task multi- 
plexing. 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from address 
FFFFOH through FFFFFH are reserved for operations 
including a jump to the initial program loading routine. 
Following RESET, the CPU will always begin execution 
at location FFFFOH where the jump must be. Locations 
00000H through 003FFH are reserved for interrupt 
operations. Each of the 256 possible interrupt types has 
its service routine pointed to by a 4-byte pointer element 



consisting of a 16-bit segment address and a 16-bit off- 
set address. The pointer elements are assumed to have 
been stored at the respective places in reserved memory 
prior to occurrence of interrupts. 









RESET BOOTSTRAP 
PROGRAM JUMP 


FFFFFH 
FFFFOH 








INTERRUPT POINTER 
FOR TYPE 255 


3FFH 
3FCH 








INTERRUPT POINTER 
FOR TYPE 1 


7H 
4H 




INTERRUPT POINTER 
FOR TYPE 0 


3H 
OH 





Figure 3b. Reserved Memory Locations 
MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maximum 
iAPX 86/10 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8086 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes 
dependent on the condition of the strap pin. When 
MN/MX pin is strapped to GND, the 8086 treats pins 24 
through 31 in maximum mode. An 8288_bus controller 
interprets status information coded into Sq,Si,S2 to gen- 
erate bus timing and control signals compatible with 
the MULTIBUS™ architecture. When the MN/MX pin is 
strapped to V CC) the 8086 generates bus control signals 
itself on pins 24 through 31, as shown in parentheses In 
Figure 2. Examples of minimum mode and maximum 
mode systems are shown in Figure 4. 
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8284A CLOCK 
GENERATOR 



• WAIT 1 
| STATE | 
| GENERATOR | 

I I 



" MN/mY 

CLK M/R5 
READY iFTfS 
RESET RD 
Wl 

DT/R 
DEN 

8086 CPU 

ALE 



AD0-AD15 
A16 -A19 
BHE 



1 I 



TT 



TT 



8282 
LATCH 
2 OR 3 



I I 

I L_ 



_| 8286 I 
J TRANSCEIVER 



L ^ 

OPTIONAL 
FOR INCREASED 
DATA BUS DRIVE 



1 BHE 



DATA 



CSO H CSOl Wl OD 
2142 RAM (4) 



(2) 
1Kx8 



(2) 
1Kx8 



<*>L 



CE OE 
2716-2 PROM (2) 

2Kx8 | 2Kx6 



V. 



MCS-80 
PERIPHERAL 



Figure 4a. Minimum Mode iAPX 86/10 Typical Configuration 




I I 



ado-adis 
A16-A19 



CLK MRDC 

50 MWTC 

51 AMWC 

Si 8288 lORC 

BUS 

" - CTRLR l0WC 

DT/R AIOWC 

ALE INTA 



STB 



LATCH 
(2 OR 3) 



ADDR 



CSO H CSOl WE OD 
2142 RAM (4) 



IE 



2716-2 PROM (2) 



2Kx8 I 2Kx8 



MCS-80 
PERIPHERAL 



Figure 4b. Maximum Mode iAPX 86/10 Typical Configuration 
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BUS OPERATION 

The 86/10 has a combined address and data bus com- 
monly referred to as a time multiplexed bus. This tech- 
nique provides the most "efficient use of pins on the 
processor while permitting the use of a standard 40-lead 
package. This "local bus" can be buffered directly and 
used throughout the system with address latching pro- 
vided on memory and I/O modules. In addition, the bus 
can also be demultiplexed at the processor with a single 
set of address latches if a standard non-multiplexed bus 
is desired for the system. 

Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T 1f T 2 , T 3 and T 4 (see 
Figure 5). The address is emitted from the processor 
during and data transfer occurs on the bus during T 3 
and T 4 . T 2 is used primarily for changing the direction of 
the bus during read operations. In the event that a "NOT 
READY" indication is given by the addressed device, 
"Wait" states (T w ) are inserted between T 3 and T 4 . Each 
inserted "Wait" state is of the same duration as a CLK 
cycle. Periods can occur between 8086 bus cycles. 
These are referred to as "Idle" states (T|) or inactive CLK 
cycles. The processor uses these cycles for internal 
housekeeping. 

During 1^ of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or the 
8288 bus controller, depending on the MN/MX strap). At 
the trailing edge of this pulse, a valid address and cer- 
tain status information for the cycle may be latched. 

Status bits S 0 , S 1t and S 2 are used, in maximum mode, 
by the bus controller to identify the type of bus transac- 
tion according to the following table: 



s 2 


Si 


So 


CHARACTERISTICS 


0 (LOW) 


0 


0 


Interrupt Acknowledge 


0 


0 


1 


Read I/O 


0 


1 


0 


Write I/O 


0 


1 


1 , 


Halt 


1 (HIGH) 


0 


0 


Instruction Fetch 


1 


0 


1 


Read Data from Memory 


1 


1 


0 


Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 



Status bits S 3 through S 7 are multiplexed with high- 
order address bits and the BHE signal, and are therefore 
valid during T 2 through T 4 . S 3 and S 4 indicate which 
segment register (see Instruction Set description) was 
used for this bus cycle in forming the address, accord- 
ing to the following table: 



s 4 


s 3 


CHARACTERISTICS 


0 (LOW) 


0 


Alternate Data (extra segment) 


0 


1 


Stack 


1 (HIGH) 


0 


Code or None 


1 


1 


Data 



Ss is a reflection of the PSW interrupt enable bit. Se=0 and 
S7 is a spare status bit. 



I/O ADDRESSING 

In the 86/10, I/O operations can address up to a maximum 
of 64K I/O byte registers or 32K I/O word registers. The 
I/O address appears in the same format as the memory 
address on bus lines A 15 -A 0 . The address lines A 19 -A 16 
are zero in I/O operations. The variable I/O instructions 
which use register DX as a pointer have full address capa- 
bility while the direct I/O instructions directly address one 
or two of the 256 I/O byte locations in page 0 of the I/O 
address space. 

I/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the 
D 7 -D 0 bus lines and odd addressed bytes on D 15 -D 8 . 
Care must be taken to assure that each register within 
an 8-bit peripheral located on the lower portion of the 
bus be addressed as even. 
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. (4 + NWAIT) - T C Y . 



- (4 + NWAIT) = TCY - 



I Ti | T 2 | T 3 | Twait | T4 I Ti- | T2 | T3 | Twait | T 4 I 

<f\J\J\J\f\J\J\J\f\J\J\J\ 



52-sb 




7~\_ 



ADDR/ 
STATUS 



A15-A0 




\ 



- MIMORV ACCESS TIME - 



" ^BHE,Ai 9 -A^ ^"" 
- Ais-Ao^ ^""" 



xz 



DATA OUT (Dis-Do) 



>-oc 



READY 



Figure 5. Basic System Timing 
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EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8086 RESET is 
required to be HIGH for greater than 4 CLK cycles. The 
8086 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is 
HIGH. The low-going transition of RESET triggers an 
internal reset sequence for approximately 10 CLK cycles. 
After this interval the 8086 operates normally beginning 
with the instruction in absolute location FFFF0H (see 
Figure 3B). The details of this operation are specified in the 
Instruction Set description of the MCS-86 Family User's 
Manual. The RESET input is internally synchronized to the 
processor clock. At initialization the HIGH-to-LOW trans- 
ition of RESET must occur no sooner than 50 /u-s after 
power-up, to allow complete initialization of the 8086. 

NMI may not be asserted prior to the 2nd CLK cycle fol- 
lowing the end of RESET. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the Instruction Set description. Hardware interrupts can 
be classified as non-maskable or maskable. 

Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing address 
pointers to the interrupt service program locations 
resides in absolute locations 0 through 3FFH (see 
Figure 3b), which are reserved for this purpose. Each 
element in the table is 4 bytes in size and corresponds 
to an interrupt "type" An interrupting device supplies 
an 8-bit type number, during the interrupt acknowledge 



sequence, which is used to "vector"- through the ap- 
propriate element to the new interrupt service program 
location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable interrupt 
pin (NMI) which has higher priority than the maskable in- 
terrupt request pin (INTR). A typical use would be to ac- 
tivate a power failure routine. The NMI is edge-triggered 
on a LOW-to-HIGH transition. The activation of this pin 
causes a type 2 interrupt. (See Instruction Set descrip- 
tion.) 

NMI is required to have a duration in the HIGH state of 
greater than two CLK cycles, but is not required to be 
synchronized to the clock. Any high-going transition of 
NMI is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide, and variable shift instruc- 
tions. There is no specification on the occurrence of the 
low-going edge; it may occur before, during, or after the 
servicing of NMI. Another high-going edge triggers 
another response if it occurs after the start of the NMI 
procedure. The signal must be free of logical spikes in 
general and be free of bounces on the low-going edge to 
avoid triggering extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The 86/10 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable FLAG status bit. The 
interrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block-type instruction. During the interrupt response 
sequence further interrupts are disabled. The enable bit 
is reset as part of the response to any interrupt (INTR, 
NMI, software interrupt or single-step), although the 



I 



I 



TYPE VECTOR 



Figure 6. Interrupt Acknowledge Sequence 
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FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the 
interrupt. Until the old FLAGS register is restored the 
enable bit will be zero unless specifically set by an 
instruction. 

During the response sequence (figure 6) the processor 
executes two successive (back-to-back) interrupt 
acknowledge cycles. The 8086 emits the LOCK signal 
from T 2 of the first bus cycfe until T 2 of the second. A 
local bus "hold" request will not be honored until the 
end of the second bus cycle. In the second bus cycle a 
byte is fetched from the external interrupt system (e.g., 
8259A PIC) which identifies the source (type) of the 
interrupt. This byte is multiplied by four and used as a 
pointer into the interrupt vector lookup table. An INTR 
signal left HIGH will be continually responded to within 
the limitations of the enable bit and sample period. The 
INTERRUPT RETURN instruction includes a FLAGS pop 
which returns the status of the original interrupt enable 
bit when it restores the FLAGS. 

HALT 

When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" state 
in one of two ways depending upon which mode is 
strapped. In minimum mode, the processor issues one 
ALE with no qualifying bus control signals. In Maximum 
Mode, the processor issues appropriate HALT status on 
SaS^o and the 8288 bus controller issues one ALE. The 
8086 will not leave the "HALT" state when a local bus 
"hold" is entered while in "HALT". In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 8086 out of the "HALT" 
state. 

READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 



The LOCK status information is provided by the proc- 
essor when directly consecutive bus cycles are required 
during the execution of an instruction. This provides the 
processor with the capability of performing read/modify/ 
write operations on memory (via the Exchange Register 
With Memory instruction, for example) without the 
possibility of another system bus master receiving 
intervening memory cycles. This is useful in multi- 
processor system configurati ons to accomplish "test 
and set lock" operations. The LOCK signal is activated 
(forced LOW) in the clock cycle following the one in 
which the software "LOCK" prefix instruction is 
decoded by the EU. It is deactivated at the end of the 
last bus cycle of the inst ructio n following the "LOCK" 
prefix instruction. While LOCK is active a request on a 
RQ/GT pin will be recorded and then honored at the end 
of the LOCK. 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general I/O 
capabilities, the 8086 pr ovides a single software- 
testable input known as the TEST signal. At any time the 
pro gram m ay execute a WAIT instruction. If at that time 
the TEST signal is inactive (HIGH), program exe cution 
becomes suspended while the processor waits for TEST 



to become active. It must remain active for at least 5 
CLK cycles. The WAIT instruction is re-executed 
repeatedly until that time. This activity does not con- 
sume bus cycles. The processor remains in an idle state 
while waiting. All 8086 drivers go to 3-state OFF if bus 
"Hold"is entered. If interrupts are enabled, they may 
occur while the processor is waiting When this occurs 
the processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches and 
re-executes the WAIT instruction upon returning from 
the interrupt. 

BASIC SYSTEM TIMING 

Typical system configurations for the processor 
operating in minimum mode and in maximum mode are 
shown in Figures_4a and 4b, respectively. In minimum 
mode, the MN/MX pin is strapped to V cc and the proc- 
essor emits bus control signals in a manner similar to 
the 8085. In maximum mode, the MN/MX pin is strapped 
to V ss and the processor emits coded status informa- 
tion which the 8288 bus controller uses to generate 
MULTIBUS compatible bus control signals. Figure 5 il- 
lustrates the signal timing relationships. 



AX 


AH 


AL 


ACCUMULATOR 


BX 


BH 


BL 


BASE 


CX 


CH 


CL 


COUNT 
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DH 


DL 


DATA 
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STACK POINTER 
BASE POINTER 
SOURCE INDEX 
DESTINATION INDEX 

INSTRUCTION POINTER 
STATUS FLAGS 

CODE SEGMENT 
DATA SEGMENT 
STACK SEGMENT 
EXTRA SEGMENT 



Figure 7. IAPX 86/10 Register Model 



SYSTEM TIMING - MINIMUM SYSTEM 

The read cycle begins in T 1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the address 
information, which is valid on the loca l bus at this time, 
into the 8282/8283 latch. The BHE and A 0 signals 
address the low, high, or both bytes. From T«j to T 4 the 
M/IO signal indicates a memory or I/O operation. At T 2 
the address is removed from the local bus and the bus 
goes to a high impedance state. The read control signal 
is also asserted at T 2 . The read (RD) signal causes the 
addressed device to enable its data bus drivers to the 
local bus. Some time later valid data will be available on 
the bus and the addressed device will drive the READY 
line HIGH. When the processor returns the read signal 
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to a HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver (8286/8287) i s req uired to 
buffer the 8086 local bus, signals DT/R and DEN are pro- 
vided by the 8086. 

A write cycle also begins with the assertion of ALE and 
the emission of the address. The M/IO signal is again 
asserted to indicate a memory or I/O write operation. In 
the T 2 immediately following the address emission the 
processor emits the data to be written into the 
addressed location. This data remains valid until the 
middle of T 4 . During T 2 , T 3 , and T w t he p rocessor asserts 
the write control signal. The write (WR) signal becomes 
active at the beginning of T 2 as opposed to the read 
which is delayed somewhat into T 2 to provide time for 
the bus to float. 

The BHE and A 0 signals are used to select the proper 
byte(s) of the memory/IO word to be read or written 
according to the following table: 



BHE 


AO 


CHARACTERISTICS 


0 


0 


Whole word 


0 


1 


Upper byte from/ 
to odd address 


1 


0 


Lower byte from/ 
to even address 


1 


1 


None 



I/O ports are addressed in the same manner as memory 
location. Even addressed bytes are transferred on the 
D 7 -D 0 bus lines and odd addressed bytes on D 15 -D 8 . 

The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt 
acknowledge signal (INTA) is asserted in place of the 



read (RD) signal and the address bus is floated. (See 
Figure 6.) In the second of two successive INTA cycles, 
a byte of information is read from bus lines D 7 -D 0 as 
supplied by the interrupt system logic (i.e., 8259A Prior- 
ity Interrupt Controller). This byte identifies the source 
(type) of the interrupt. It is multiplied by four and used 
as a pointer into an interrupt vector lookup table, as 
described earlier. 

BUS TIMING— MEDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is connected to 
V ss and the 8288 Bus Controller is added to the system as 
well as an 8282/8283 latch for latching the system address, 
and a 8286/8287 transceiver to allow for bus loading 
greater than the 8086 is capable of handling. Signals ALE, 
DEN, and DT/R are generated by the 8288 instead of the 
processor in this configuration although their timing re- 
mains relatively the same. The 8086 status outputs (S 2 , Si , 
and So) provide type-of-cycle information and become 
8288 inputs. This bus cycle information specifies read 
(code, data, or I/O), write (data or I/O), interrupt acknowl- 
edge, or software halt. The 8288 thus issues control 
signals specifying memory read or write, I/O read or write, 
or interrupt acknowledge. The 8288 provides two types of 
write strobes, normal and advanced, to be applied as re- 
quired. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have 
the same timing as read strobes, and hence data isn't valid 
at the leading edge of write. The 8286/8287 transceiver 
receives the usual T and OE inputs from the 8288 's DT/R 
and DEN. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8259A Priority Interrupt Controller is 
positioned on the local bus, aTTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge 
sequence and software "poll". 



3-345 



AFN-01497D 



iAPX86/10 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias. 0°C to 70 °C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin with 

Respect to Ground - 1.0 to + 7V 

Power Dissipation 2.5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (8086: t a = o°c to 7o°c, v cc = 5V ± 10%) 

(8086-1 : T A = 0°C to 70°C, V cc = 5V ± 5%) 
(8086-2: T A = 0°C to 70° C, V cc = 5V ± 5%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V IL 


Input Low Voltage 


-0.5 


+ 0.8 


V 




V,H 


Input High Voltage 


2.0 


V CC + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


I 0 l=2.3 mA 


Voh 


Output High Voltage 


2.4 




V 


l0H= -400 mA 


'cc 


Power Supply Current: 8086 
8086-1 
8086-2 




340 
360 
350 


mA 


T A =25°C 


«LI 


Input Leakage Current 




±10 


mA 


0V *£ V, N *s V cc 


«LO 


Output Leakage Current 




±10 


ma 


0.45V < V 0U T < V cc 


V C L 


Clock Input Low, Voltage 


-0.5 


+ 0.6 


V 




V C H 


Clock Input High Voltage 


3.9 


V CC +1-0 


V 




^IN 


Capacitance of Input Buffer 
(All input except 
AD 0 -AD 15 , RQ/GT) 




15 


PF 


fc= 1 MHz 


C| 0 


Capacitance of I/O Buffer 
(AD 0 -AD 15 , RQ/GT) 




15 


PF 


fC=1MHz 
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A.C. CHARACTERISTICS (8086: t a = o°c to 70°c, v cc = 5V ± 10%) 

(8086-1 : T A = 0°C to 70°C, V cc = 5V ± 5%) 
(8086-2: T A = 0°C to 70°C, V cc = 5V ± 5%) 



MINIMUM COMPLEXITY SYSTEM 
TIMING REQUIREMENTS 



Symbol 


Parameter 


8086 


8086-1 (Preliminary) 


8086-2 


Units 


Test 
Conditions 






Mln. 


Max. 


Mln. 


Max. 


Mln. 


Max. 






TCLCL 


CLK Cycle Period 


200 


ouu 


IUU 


500 


l£0 


500 


ns 




TCLCH 


CLK Low Time 


118 








68 








TCHCL 


CLK High Time 


69 




39 




44 




ns 




TGH1CH2 


CLK Rise Time 




10 




10 




10 


ns 


From 1.0V to 
3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 




10 


ns 


From 3.5V to 
1.0V 


TDVCL 


Data in Setup Time 


30 




5 




20 




ns 




TCLDX 


Data in Hold Time 


10 




10 




10 




ns 




TR1VCL 


RDY Setup Time 
into 8284A (See 
Notes 1,2) 


35 




35 




35 




ns 




TCLR1X 


RDY Hold Time 
into 8284A (See 
Notes 1,2) 


0 




0 




0 




ns 




TRYHCH 


READY Setup 
Time into 8086 


118 




53 




68 




ns 




TCHRYX 


READY Hold Time 
into 8086 


30 




20 




20 




ns 




TRYLCL 


READY Inactive to 
CLK (See Note 3) 


-8 




-10 




-8 




ns 




THVCH 


HOLD Setup Time 


35 




20 




20 




ns 




TINVCH 


INTR, NMI, TEST 
Setup Time (See 
Note 2) 


30 




15 




15 




ns 




TILIH 


Input Rise Time 
(Except CLK) 




20 




20 




20 


ns 


From 0.8V to 
2.0V 


TIHIL 


Input Fall Time 
(Except CLK) 




12 




12 




12 


ns 


From 2.0V to 
0.8V 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



Symbol 


Parameter 


8086 


8086-1 (Preliminary) 


8086-2 


Units 


Test 
Conditions 






Min. 


Max. 


Min. 


Max. 


Min. 


Max. 






TCLAV 


Address Valid Delay 


10 


110 


10 


50 


10 


60 


ns 




TCLAX 


Address Hold Time 


10 




10 




10 




ns 




TCLAZ 


Address Float 
Delay 


TCLAX 


80 


10 


40 


TCLAX 


50 


ns 




TLHLL 


ALE Width 


TCLCH-20 




TCLCH-10 




TCLCH-10 




ns 




TCLLH 


ALE Active Delay 




80 




40 




50 


ns ' 




TCHLL 


ALE Inactive Delay 




85 




45 




55 


ns 




TLLAX 


Address Hold Time 
to ALE Inactive 


TCHCL-10 




TCHCL-10 




TCHCL-10 




ns 




TCLDV 


Data Valid Delay 


10 


110 


10 


50 


10 


60 


ns 


*C L = 20-100 pF 


TCHDX 


Data Hold Time 


10 




10 




10 




ns 


for all 8086 Out- 
puts (in addi- 
tion to 8086 self- 
load) 


TWHDX 


Data Hold Time 
After WR 


TCLCH-30 




TCLCH-25 




TCLCH-30 , 




ns 


TCVCTV 


Control Active 
Delay 1 


10 


110 


10 


50 


10 


70 


ns 




TCHCTV 


Control Active 
Delay 2 


10 


110 


10 


45 


10 


60 


ns 




TCVCTX 


Control Inactive 
Delay 


10 


110 


10 


50 


10 


70 


ns 




TAZRL 


Address Float to 
READ Active 


0 




0 




0 




ns 




TCLRL 


RD Active Delay 


10 


165 


10 


70 


10 


100 


ns 




TCLRH 


RD Inactive Delay 


10 


150 


10 


60 


10 


80 


ns 




TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 1 




TCLCL-35 




TCLCL-40 




ns 




TCLHAV 


HLDA Valid Delay 


10 


160 


10 


60 


10 


100 


ns 




TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-40 




2TCLCL-50 




ns 




TWLWH 


WR Width 


2TCLCL-60 




2TCLCL-35 




2TCLCL-40 




ns 




TAVAL 


Address Valid to 
ALE Low 


TCLCH-60 




TCLCH-35 




TCLCH-40 




ns 




TOLOH 


Output Rise Time 




20 




20 




20 


ns 


-From 0.8V to « 
2.0V 


TOHOL 


Output Fall Time 




12 




12 




12 


ns 


From 2.0V to 
0.8V 



NOTES: 

1. Signal at 8284A shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state. (8 ns into T3). 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



AX. TESTING LOAD CIRCUIT 




A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC '1 " AND 0 45V FOR 
A LOGIC 0 ' TIMING MEASUREMENTS ARE MADE AT 1 5V FOR BOTH A 
LOGIC T AND 0 " 



DEVICE 
UNDER 
TEST 



r 



C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



MINIMUM MODE 



CLK (8284A Output) 



v TCLCL »TCH1CH2-*| k- — I (— TCL2CL1 J 

VCL 



M/TO 



5HBS7, Ai9/Se-Aie/S3 



RDY (8284A Input) 
SEE NOTE 4 



READY (8086 Input) 



READ CYCLE 
(NOTE 1) 
(Wfi, INTA = Vqh) 



ADis-ADq 



X 



/ 



T 3 T W 



bhe, A19-A16 



TAVAL 
TLLAX— »■ 



3< 



VlH 
V|L 
TRYLCL 



X 



S7-S3 



13 

h-TCLR 



TCLCH 



\ 



-TCHCTV TCLRL 




X 



X 



/ 

/ 
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WAVEFORMS (Continued) 



MINIMUM MODE (Continued) 

V C H 

CLK (8284A Output) 



VCL I 



M/io 



BHE/S7, Ai9/Se-A 16 /S3 



WRITE CYCLE 
(NOTE 1) 

(RD, INTA, 
DT/R s Vqh) 



INTA CYCLE 

(NOTES 1 & 3) 

RD,WR = V 0 H 
SHI = v 0L ) 



SOFTWARE HALT— 
RO, WR, INTA = Vqh 
DT/R = INDETERMINATE 



Ti 

- TCLCL - 



T 2 

TCH1CH2-**| I— — *| k- TCL2CL1 / 




-JT\ 



INVALID ADDRESS 



SOFTWARE HALT 



NOTES: 

1. All signals switch between Vqh and Vql unless otherwise specified. 

2. RDY is sampled near the end of T 2 , T 3 , T w to determine if T w machines states are to be inserted. 

3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown 
for second INTA cycle. 

4. Signals at 8284A are shown for reference only. 

5. All timing measurements are made at 1.5V unless otherwise noted. 
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A.C. CHARACTERISTICS 



MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


8086 


8086-1 (Preliminary) 


8086-2 (Preliminary) 


Units 


Test 

Conditions 






Mln. 


Max. 


Mln. 


Max. 


Min. 


Max. 






TCLCL 


CLK Cycle Period 


200 


500 


100 


500 


125 


500 


ns 




TCLCH 


CLK Low Time 


118 




53 




68 




ns 




TCHCL 


CLK high Time 


69 




39 




44 




ns 




TCH1CH2 


CLK Rise Time 




10 




10 




10 


ns 


From 1 .0V to 
3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 




10 


ns 


From 3.5V to 
1.0V 


TDVCL 


Data in Setup Time 


30 




5 




20 




ns 




TCLDX 


Data In Hold Time 


10 




10 




10 




ns 




TR1 VCL 


RnV Qaturt Timet 

into 8284A (See 
Notes 1,2) 


35 




35 




35 








TCLR1X 


RDY Hold Time 
into 8284A (See 
Notes 1,2) 


0 




0 




0 




ns 




TRYHCH 


READY Setup Time 
into 8086 


118 




53 




68 




ns 




TCHRYX 


READY Hold Time 
into 8086 


30 




20 




20 




ns 




TRYLCL 


READY Inactive to 
CLK (See Note 4) 


-8 




-10 




-8 




ns 




TINVCH 


Setup Time for 
Recognition (INTR, 
NMI, TEST) (See 
Note 2) 


30 




15 




15 




ns 




TGVCH 


RQ/GT Setup Time 


30 




12 




15 




ns 




TCHGX 


RQ Hold Time into 
8086 


40 




20 




30 




ns 




TILIH 


Input Rise Time 
(Except CLK) 




20 




20 




20 


ns 


From 0.8V to 
2.0V 


TIHIL 


Input Fall Time 
(Except CLK) 




12 




12 




12 


ns 


From 2.0V to 
0.8V 



NOTES: 

1. Signal at 8284A or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 



Symbol 


Parameter 


808$ 


8086-1 (Preliminary) 


8086-2 (Preliminary) 


Units 


Test 

Conditions 






Min. 


Max. 


Mln. 


Max. 


Mln. 


Max. 






TCLML 


Command Active 
Delay (See Note 1) 


10 ' 


35 


10 


35 


10 


35 


ns 


C L = 20-100 pF 
for all 8086 Out- 
puts (In addi- 
tion to 8086 self- 
load) 


TCLMH 


Command Inactive 
Delay (See Note 1) 


10 


35 


10 


35 


10 


35 


ns 


TRYHSH 


READY Active to 
Status Passive (See 
Note 3) 




110 




45 




65 


ns 


TCHSV 


Status Active Delay 


10 


110 


10 


45 


10 


60 


ns 


TCLSH 


Status Inactive 
Delay 


10 


130 


10 


55 


10 


70 


ns 


TCLAV 


Address Valid 
Delay 


10 


110 


10 


50 


10 


60 


ns 


TCLAX 


Address Hold Time 


10 




10 




10 




ns 


TGLAZ 


Address Float Delay 


TCLAX 


80 


10 


40 


TCLAX 


50 


ns 


TSVLH 


Status Valid to ALE 
High (See Note 1) 




15 




15 




15 


ns 


TSVMCH 


Status Valid to 
MCE High (See 
Note 1) 




15 




15 




15 


ns 


TCLLH 


CLK Low to ALE 
Valid (See Note 1) 




15 




15 




15 


ns 


TCLMCH 


CLK Low to MCE 
High (See Notel) 




15 




15 




15 


ns 


TCHLL 


ALE Inactive Delay 
(See Notel) 




15 




15 




15 


ns 


TCLMCL 


MCE Inactive Delay 
(See Note 1) 




15 




15 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


50 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




10 




10 




ns 


TCVNV 


Control Active 
Delay (See Note 1) 


5 


45 


5 


45 


5 


45 


ns 


TCVNX 


Control Inactive 
Delay (See Note 1) 


10 


45 


10 


45 


10 


45 


ns 


TAZRL 


Address Float to 
Read Active 


0 




0 




0 




ns 


TCLRL 


RD Active Delay 


10 


165 


10 


70 


10 


100 


ns 


TCLRH 


RD Inaqtive Delay 


10 


150 


10 


60 


10 


80 


ns 


TRHAV 


RD Inactive to 
Next Address Active 


TCLCL-45 




TCLCL-35 




TCLCL-40 




ns 


TCHDTL 


Direction Control 
Active Delay (See 
Note 1) 




50 




50 




50 


ns 


TCHDTH 


Direction Control 
Inactive Delay (See 
Notel) 




30 




30 




30 


ns 


TCLGL 


GT Active Delay 


0 


85 


0 


45 


0 


50 


ns 


TCLGH 


GT Inactive Delay 


0 


85 


0 


45 


0 


50 


ns 


TRLRH 


RD Width 


2TCLCL- 75 




2TCLCL-40 




2TCLCL-50 




ns 


TOLOH 


Output Rise Time 




20 




20 




20 


ns 


From 0.8V to 
2.0V 


TOHOL 


Output Fall Time 




12 




12 




12 


ns 


From 2.0V to 
0.8V 
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WAVEFORMS 



MAXIMUM MODE 



§2,5i,5o (EXCEPT HALT) 



BHE/S7, AiVSe-AWSs 



ALE (8288 OUTPUT) 



RDY (8284A INPUT) 



READY (8086 INPUT) 



v 



X 



BHE, A19-A16 



TSVLH-^ 
TCLLH- 



READ CYCLE 



x 



X 



X 



1\ 



x 



X 



1 



— TCLCH-* 



X 



(SEE NOTE 8) 

TCHDX — 



bl_/ 



\ 



8288 OUTPUTS 
SEE NOTES 5,6 



x: 



s 



X 



/ — 
J 




c 
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WAVEFORMS (Continued) 



MAXIMUM MODE (Continued) 



§2,3i,5o (EXCEPT HALT) 

WRITE CYCLE tclav- 



■ TCHSV — ♦ - — TCLSH 



8288 OUTPUTS 
SEE NOTES 5,6 



INTA CYCLE 



AMWC OR AIOWC 



AOis-AOo 

(SEE NOTES 3 & 4) 



8288 OUTPUTS 
SEE NOTES 5,6 



MCE/ 
PDEN 



SOFTWARE HALT — 

(DEN a Vouro.Sn^.ToT^.MWre.AT^ , Vqh) 



X 



LAXU- 

X 




-TCLML -— 



-(see note 8) \ 



jr 



r 



FLOAT 
- TCLDX 



-c 



f 



X 



INVALID ADDRESS ' 



f 



NOTES: 

1 . All signals switch between Vqh and Vql unless otherwise specified. 

2. RDY is sampled near the end of T2, T 3 , T w to determine if T w machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

5. Signals at 8284A or 8288 are shown for reference only. 

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the 
active high 8288 CEN. 

7. All timing measurements are made at 1.5V unless otherwise noted. 

8. Status inactive in state just prior to T 4 . 



3-3$4 



AFN-01497D 



iAPX 86/10 



WAVEFORMS (Continued) 



ASYNCHRONOUS SIGNAL RECOGNITION 



A 



- TINVCH |im not* 1) 



NOTE 1 SETUP REQUIREMENTS FOR ASYNCHRO- 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 



BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 

Any CLK Cycle — ~j ■« Any CLK Cycle -*| 



r 



RESET TIMING 



>:4 CLK CYCLES 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 



I- Any CLK Cycle — ► - - ^ 0 CLK Cycle —I 



7 \ 



— ITCLGLl- - 



AD15-AD0 
Ai 9 /S 6 -A,6/S3 

rp, cock . , 

BHE/S7 



X 



PULSE 3 j 

.coprocessor/ 

RELEASE / 



COPROCESSOR 



HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

> 1 CLK CYCLE — — >— 1 OR 2 CYCLES - 
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Table 2. Instruction Set Summary 



6 5 4 3 2 I 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 8 5 4 3 210 



Register/memory to/from register 
Immediate to register/memory 
Immediate to register 
Memory to accumulator 
Accumulator to memory 
Register/memory to segment register 
Segment register to register/memory 



Register/memory 
Register < 
Segment register 



Register/memory 
Register 

Segment register 

XCHG = Exchange 

Register/memory wi 



IN=lnput from 
Fixed port 
Variable port 

0UT= Output to 
Fixed port 
Variable port 

XLAT=Translate byte to AL 
LEA* Load EA to register 
LBS = Load pointer to OS 
x U8=Load pointer to ES 
UHrHoad AH with flags 
SAHF =Store AH into flags 
PUSHF=Push flags 
PBPF=Pop flags 



ARITHMETIC 
AOO = Add 

" Reg /memory with register to eitl 
Immediate to register/memory 
Immediate to accumulator 

AOC = Add with cirry 

Reg /memory with register to eitl 
Immediate to register/memory 
Immediate to accumulator 

INC = Inenmint 

Register/memory 
Register 

AAA-ASCII adjust for add 
0»A=Decimal adiust for add 





I 0 0 0 0 0 d w mod 



lOOOOOsw mod 



0 0 10 0 
0 0 0 0 



mod reg r/m 
modO 1 0 




I DEC Decrement 

Register/memory 
Register 

NEG-Change sign 

CMP Compare 

Register/memory and register 
Immediate with register/memory 
Immediate with accumulator 
AAS ASCII adjust tor subtract 
OAS Decimal adjust for subtract 
MUL Multiply (unsigned) 
IMUl Integer multiply (signed) 
AAM ASCII adjust for multiply 
01V Divide (unsigned) 
I0IV Integer divide (signed) 
AA0 ASCII adjust for divide 
C8W Convert byte to word 
CW0 Convert word to double word 



NOT Invert 

SHL/SAL Shift logical /arithmetic left 
SHf) Shift logical right 
SAfl Shift arithmetic right 
ROL Rotate left 
ROB Rotate right 

RCL Rotate through carry flag left 
RCR Rotate through carry right 



Reg /memory and register to ei 
Immediate to register/memory 
Immediate to accumulator 



Reg /memory and register to either 


[0 0 1 0 1 0 d w 


mod reg r/m 




STRING MANIPULATION 


Immediate from register/memory 


|1 0 0 0 0 0 s w 


modi 0 1 r/m 


data- 


data if s w=01 | 


Immediate from accumulator 


(00101 10 w 




data If w 1 




REP= Repeat 












MOVS=Move byte/word 


SBB - Subtract wHh borrow 










CMPS=Compare byte/word 


Reg /memory and register to either 


|o 0 0 1 1 0 d w 


mod reg r/m 






SCAS=Scan byte/word 


Immediate from register/memory 


1 1 0 0 0 0 0 s w 


modO 1 1 r/m 


data 


data if s w=01 | 


tODS=Load byte/wd to AL/AX 


Immediate from accumulator 


j 0 0 0 1 1 1 0 w 


data 


dataifw=1 , 




ST0S=Stor byte/wd from AL/A 



76543210 76543210 76543210 



7 6 5 4 3 2 10 



1 0 1 0 0 1 Teg" 



HI 



data if s w pi*"] 



m od 1 0 C 
Tin 
0 0 0 0 1 ( 




TEST And function to Hags, no result 

Register/memory and register 
Immediate data and register/memory |_ 
Immediate data and accumulator 



| 1 0 0 0 0 1 0 w 


mod reg r/m 




|,,,,011w 


modO 0 0 r/m 


data 


data if w 1 | 


[~1 0 1 0 1 0 0 w 


data 


data if w 1 





OR Or 

Reg /memory and register to either | 0 0 0 0 1 0 d t 

Immediate to register/memory | 1 0 0 0 0 0 0 * 

Immediate to accumulator ( 0 0 0 0 1 1 0 v 



| data if w 1 | 
□ 



XOR Exclusive or 

Req /memory and register to either 
Immediate to register/memory 
Immediate lo'accumulator 
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Table 2. Instruction Set Summary (Continued) 



CONTROL TRANSFER 














CALL = Call- 


7 6 5 4 3 2 1 0 


7 8 S 4 3 2 1 0 


7 6 5 4 3 2 10 


JNB/JAE-Jump on not below/above 

or equal 
JMBE/J»-Jump on not below or 

equal/above 
JMP/ JP0= Jump on not par /par odd 


7 6 5 4 3 2 1 0 


7 6 S 4 3 2 1 0 


Direct within segment | 1 1 1 0 1 0 0 0 


disp-low 


disp-high | 


0 1110 0 11 


disp 




Indirect within segment | 




mod 0 10 r/m 




0 1110 111* 


disp 




Direct intersegment 


10 0 110 10 


olfset-low 


oftset-high | 


0 11110 11 


disp 








seg-high ~j 


JNO-Jump on not overflow 


0 1110 0 0 1 


disp 




Indirect intersegment | 


11111111 


mod 0 11 r/m 




JNS Jump on not sign 


0 11110 0 1 


disp 




JMP = Unconditional Jump. 








LOOP Loop CX times 


1110 0 0 10 


disp ' 










L00PZ/L00PE Loop while zero/equal 


1110 0 0 0 1 


disp 




Direct within segment | 1 1 1 0 1 0 0 1 


disp low 


disp-high 








L00PNZ/L00PNE Loop while not 


1110 0 0 0 0 


disp 




Direct within segment-short 


1110 10 11 


disp 




zero/equal 
JCXZ Jump on CX zero 


1110 0 0 11 


disp 




Indirect within segment 


11111111 


mod 10 0 r/m 










Direct yitersegment 


1110 10 10 


offset-low 


offset-high 




INT Interrupt 








seg-low 


seg-high 




Type specified 


110 0 110 1 


type | 


Indirect intersegment 


11111111 


mod 1 0 1 r/m 




Type 3 


110 0 110 0 




RET - Return from CALL 








IMTO-lnterrupt on overflow 


110 0 1110 










IRET Interrupt return 


t 1 0 0 1 1 1 1 






110 0 0 0 11 








Within segment 












Within seg adding immed to SP 


110 0 0 0 10 


data-low 


data-high | 








Intersegment 


110 0 10 11 












Intersegment adding immediate to SP 


110 0 10 10 


data-low 


data high | 


PROCESSOR CONTROL 






JE/JZ=Jump on equal /zero 
Jl/JNBE-Jump on less/not greater 
or equal 


0 1110 10 0 


disp 




CLC Clear carry 


111110 0 0 




0 111110 0 


disp 




CMC Complement carry 


11110 10 1 




JIE/JNB-Jump on less or equal/not 
greater 


0 1111110 


disp 




STC Set carry 


111110 0 1 




JB/JN»E=Jump on below/not above 
or equal 


0 1110 0 10 


disp 




CLO Clear direction 


1111110 0 




JBE/JNA=Jump on below or equal/ 

not above 
JP/JPE=Jump on parity/parity even 


0 1110 110 


disp 




STO Set direction 


1111110 1 




0 11110 10 


disp 




CLI Clear interrupt 


111110 10 




JO=Jump on overflow 


0 1110 0 0 0 


disp 




STI Set interrupt 


111110 11 




J8-Jump on sign 


0 11110 0 0 


disp 




HLT Halt 


11110 10 0 




JM/JJZ=Jump on not equal/not zero 


0 1110 10 1 


disp 




WAIT Wait 


10 0 110 11 




«WL/J6E=Jump on not less/greater 
or equal 


0 111110 1 


disp 




ESC Escape (to external device) 


110 11 xxx 


mod xxx r/m~| , 


JME/J6*Jump on not less or equal/ 
greater 


0 1111111 


disp 




LOCK Bus lock prefix 


11110 0 0 0 

















Footnotes: 

AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

OS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive, 

Less = less positive (more negative) signed values 

if d = 1 then "to" reg, if d = 0 then "from" reg 

if w = 1 then word instruction; if w = 0 then byte instruction 



if s w = 01 then 16 bits of immediate data form the operand 
if s w = 1 1 then an immediate data byte is sign extended to 

form the 16-bit operand 
if v = 0 then "count' ' = 1 , if v = 1 then ' 'count' ' in (CL) 
x = don't care 

z is used for string primitives for comparison with IF FLAG 

SEGMENT OVERRIDE PREFIX 

10 0 1 reg 1 1 0| 



if mod = 11 then r/m is treated as a REG field REG is assigned according to the following table 
if mod = 00 then DISP = 0*. disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 1^-bits. disp-high is absent 1MH (w = 1) 8-Bit (w = 0) Segment 

if mod = 10 then DISP = disp-high disp-low 000 AX 000 AL 00 ES 

ifr/m = 0OOthenEA = (BX) + (SI) + DISP °}J jg §° 0 jjj; °J jj| 

if r/m = 001 then EA = (BX) + (Dl) + DISP 011 BX 011 BL 11 OS 

if r/m = 010 then EA = (BP) + (SI) + DISP 100 SP 100 AH 

if r/m = 011 then EA * (BP) + (Dl) + DISP 101 BP 101 CH 

if r/m = 100 then EA = (SI) + DISP ]] Q j>| ]]° [Jjj 

if r/m = 101 then EA = (Dl) + DISP 111 01 111 BH 

if r/m = 110 then EA = (BP) + DISP* 
if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) Instructions which reference the flag register file as a 16-bit object use 

|the symbol FLAGS to represent the file 

♦except if mod = 00 and r/m = 110 then EA = disp-high. disp-low FLAGS = X X X X (OF) (DF) (IF) (TF) (SF) (ZF) X (AF) X (PF) X (CF) 
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HIGH INTEGRATION 16-BIT MICROPROCESSOR 



■ Integrated Feature Set 
—Enhanced 8086-2 CPU 
— Clock Generator 

—2 Independent, High-Speed DMA 

Channels 
— Programmable Interrupt Controller 
—3 Programmable 16-bit Timers 
— Programmable Memory and 

Peripheral Chip-Select Logic 
—Programmable Wait State Generator 
— Local Bus Controller 

■ Available in 8 MHz (80186) and cost 
effective 6 MHz (80186-6) versions. 

■ High- Perform a nee Processor 

—2 Times the Performance of the 

Standard iAPX 86 
—4 MByte/Sec Bus Bandwidth 

interface 



■ Direct Addressing Capability to 
1 MByte of Memory 

■ Completely Object Code Compatible 
with All Existing iAPX 86, 88 Software 
— 10 New Instruction Types 

■ Complete System Development 
Support 

— Development Software: Assembler, 
PL/M, Pascal, Fortran, and System 
Utilities 

-In-Circuit-Emulator (l 2 ICE ™-186) 
— iRMX™ 86, 88 Compatible (80130 
OSF) 

■ High Performance Numerical 

N Coprocessing Capability Through 
8087 Interface 



CLKOUT V cc GND 

HDh ' 



vcc w«w 

11 



CLOCK 
GENERATOR 



EXECUTION UNIT 



16-BIT 
GENERAL 
PURPOSE 
REGISTERS 



It 



J 



TMR OUT 1 TMROUT0 



PROGRAMMABLE 
INTERRUPT 
CONTROLLER 



SRDY- 
ARDY- 
TEST- 
HOLD- 
HLDA •* 
RES- 



II 



INTERNAL BUS 



MAX COUNT 
REGISTER B 



MAX COUNT 
REGISTER A 



CONTROL REGISTERS 



IT 



DEN 



16-BIT 
SEGMENT 
REGISTERS 



6-BYTE 
PREFETCH 
QUEUE 



- RD 

BHE/S7 



CHIP-SELECT 
UNIT 



PROGRAMMABLE 
CONTROL 
REGISTERS 



V 

ADO- A16/S3- 
AD15 A19/S6 



MCSO-3 



PROGRAMMABLE 
DMA UNIT 



20-BIT 
SOURCE POINTERS 



20-BIT 
DESTINATION 
POINTERS 



CONTROL 
REGISTERS 



PCSO-4 



PCS6/A2 
?CS5/A1 



Figure 1. iAPX 186 Block Diagram 
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The Intel iAPX 186- (80186 part number) is a highly integrated 16-bit microprocessor. The iAPX 186 effectively 
combines 15-20 of the most common iAPX 86 system components onto one. The 80186 provides two times 
greater throughput than the standard 5 MHz iAPX 86. The iAPX 186 is upward compatible with iAPX 86 and 88 
software and adds 10 new instruction types to the existing set. 



JUUUUUUUUUUUUUUULL 

□ i n c 

□ c 

□ c 

□ c 

3 E 

3 E 

□ C 

□ I I c 

□ I 1 c 

□ c 



^nnnnnnnnnnnnnnnrtt 



PIN NO. 1 MARK- 



Illliiiiilllillll 

_ JJUUUUUUUUUUUUUUUteL 

51 □ 

52 □ 
ARDY □ 

CLKOUT □ 
RESET □ 
X2 □ 
X1 □ 
Vss □ 
AL E/QSO □ 
RD/QSMQ □ 
WR/QS1 □ 
BHE □ 
A19/S6 □ 
A18/S5 □ 

A17/S4 □ == _ 
A16/S3 n 12 

>rwinnnnnnnnnnnnnnrr 

§9§9§9§9£§9§99999 



yes 

LCS 

PCS6/A2 

PCS5 /A1 

PCS4 

PCS3 

PCS2 

PCS1 

Vss 



E RES 
C TMR OUT 1 
C TMR OUT 0 
C TMR IN 1 
C TMR IN 0 
C DRQ1 
DRQO 



Figure 2. 80186 Pinout Diagram 



Table 1. 80186 Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


VcoVcc 


9, 43 


l 


System Power: + 5 volt power supply. 


Vss, V ss 


26,60 


l 


System Ground. 


RESET 


57 


0 


Reset Output indicates that the 801 86 CPU ie being reset, and can be used as a system 
reset. It is active HIGH, synchronized with the processor clock, and lasts an integer 
number of clock periods corresponding to the length of the RES signal. 


X1.X2 


59,58 


I 


Crystal Inputs, X1 and X2, provide an external connection for a fundamental mode 
. parallel resonant crystal for the internal crystal oscillator. X1 can interface to an 
external clock instead of a crystal. In this case, minimize the capacitance on X2 or 
drive X2 with complemented X1 . The input or oscillator frequency is internally divided 
by two to generate the clock signal (CLKOUT). 


CLKOUT 


56 


0 


Clock Output provides the system with a 50% duty cycle waveform. All device pin 
timings are specified relative to CLKOUT. CLKOUT has sufficient MOS drive capabilities 
for the 8087 Numeric Processor Extension. 


RES 


24 


I 


System Reset causes the 80186 to immediately terminate its present activity, clear the 
internal logic, and enter a dormant state. This signal may be asynchronous to the 
80186 clock. The 80186 begins fetching instructions approximately 7 clock cycles 
after RES is returned HIGH. RES is required to be LOW for greater than 4 clock 
cycles and is internally synchronized. For proper initialization, the LOW-to-HIGH transi- 
tion of RES must occur no sooner than 50 microseconds after power up. This input 
is provided with a Schmitt-trigger to facilitate power-on RES generation via an RC 
network. When RES occurs, the 80188 will drive the status lines to an inactive level 
for one clock, and then tri-state them. 
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Table 1, 80186 Pin Description (Continued) 



Symbol 



Pin 
No. 



Type 



Name and Function 



TEST 



47 



TEST is examined by the WAIT instruction. If the TEST input i s HIGH when 
"WAIT" execution begins, instruction execution will suspend. TEST will be 
resampled until it goes LOW, at which ti me exe cution will resume. If interrupts 
are enabled while the 801 86 is waiting for TEST, interrupts will be serviced. This 
input is synchronized internally. 



TMR IN 0, 
TMR IN1 



20 
21 



Timer Inputs are used either as clock or control signals, depending upon the 
programmed timer mode. These inputs are active HIGH (or LOW-to-HIGH 
transitions are counted) and internally synchronized. 



TMR OUT 0, 
TMR OUT 1 



22 
23 



O 
O 



Timer outputs are used to provide single pulse or continuous waveform gener- 
ation, depending upon the timer mode selected. 



DRQ0 
DRQ1 



18 
19 



DMA Request is driven HIGH by an external device when it desires that a 
DMA channel (Channel 0 or 1) perform a transfer. These signals are active 
HIGH, level-triggered, and internally synchronized. 



NMI 



46 



Non-Maskable Interrupt is an edge-triggered input which causes a type 2 
interrupt. NMI is< not maskable internally. A transition from a LOW to HIGH 
initiates the interrupt at the next instruction boundary. NMI is latched inter- 
nally. An NMI duration of one clock or more will guarantee service. This input is 
internally synchronized. 



INTO, INT1, 
INT2/ INTA5 
INT3/INTA1 



45,44 
42 
41 



I 

I/O 
I/O 



Maskable Interrupt Requests can be requested by strobing one of these pins. 
When configured as inputs, these pins are active HIGH. Interrupt Requests are 
synchronized internally. INT2 and INT3 may be configured via software to 
provide active-LOW interrupt-acknowledge output signals. All interrupt inputs 
may be configured via software to be either edge- or level-triggered. To ensure 
recognition, all interrupt requests must remain active until the interrupt is 
acknowleged. When iRMX mode is selected, the function of these pins 
changes (see Interrupt Controller section of this data sheet). 



A19/S6, 
A18/S5, 
A17/S4, 
A16/S3 



65 
66 
67 
68 



O 
O 
O 
O 



Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most 
significant address bits during Ti . These signals are active HIGH. During T2, 
T3, Tyv, and T4, status information is available on these lines as encoded 
below: 





Low 


High 


S6 


Processor Cycle 


DMA Cycle 



S3.S4, and S5 are defined as LOW during T 2 -T4. 



AD15-AD0 



10-17, 
1-8 



I/O 



Address/Data Bus (0-15) signals constitute the time mutiplexed memory pr I/O 
address (T-j) and d ata (T2, T3, Tyv, and T4) bus. The bus is active HIGH. A 0 is 
analogous to BHE for the lower byte of the data bus, pins D7 through Dq. It is 
LOW during T-( when a byte is to be transferred onto the lower portion of the 
bus in memory or I/O operations. 



BHE/S7 



64 



During T-j the Bus High Enable signal should be used to determine if d ata is to 
be enabled onto the most significant half of the data bus, pins Dfs-Dg • BHE is 
LOW during T-j for read, write, and interrupt acknowledge cycles when a byte is 
to be transferred on the higher half of the bus. The S7 st atus i nformation is 
available during Tg, T3, and T4. S7 is logically equivalent to BHE. The signal is 
active LOW, and is tristated OFF during bus HOLD. 



BHE and AO Encodings 


BHE Value 


AO Value 


Function 


0 
0 
1 
1 


0 
1 
0 
1 


Word Transfer 

Byte Transfer on upper half of data bus(D15-D8) 
Byte Transfer on lower half of data bus (D7-D0) 
Reserved 
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Table 1. 80186 Pin Description (Continued) 



Symbol 



Pin 
No. 



Type 



Name and Function 



ALE/QSO 



61 



Address Latch Enable/Queue Status 0 is provided by the 80186 to latch the 
address into the 8282/8283 address latches. ALE is active HIGH. Addresses are 
guaranteed to be valid on the trailing edge of ALE. The ALE rising edge is 
generated off the rising edge of the CLKOUT immediately preceding T"i of the 
associated bus cycle, effectively one-half clock cycle earlier than in the stan- 
dard 8086. The trailing edge is generated off the CLKOUT rising edge in T-| as 
in the 8086. Note that ALE is never floated. 



WR/QS1 



63 



Write Strobe/Queue Status 1 indicates that the data on the bus is to be written 
into a memory or an I/O device. WR is active for T2, T3, and Tyy of any write 
cycle. It is active LOW, and floats during "HOLD." It is driven HIGH for one clock 
during Reset, and then floated. When the 80186 is in queue status mode, the 
ALE/QSO and WR/QS1 pins provide information about processor/instruction 
queue interaction. 



QS1 


QS0 


Queue Operation 


0 


0 


No queue operation 


0 


1 


First opcode byte fetched from the queue 


1 


1 


Subsequent byte fetched from the queue 


1 


0 


Empty the queue 



RD/QSMD 



62 



Read Strobe indicates that the 801 86 is performing a memory 6r I/O read cycle. 
EB, is active LOW for T2 , T3 , and Tw of any read cycle. It is guaranteed not to go 
LOW in T2 until after the Address Bus is floated. RD is active LOW, and floats 
during "HOLD." RD is driven HIGH for one clock during Reset, and then the 
output driver is floated. A weak internal pull-up mechanism on the RD line hols 
it HIGH when the line is not driven. During RESET the pin is sampled to 
determine whether the 80186 should provide ALE, WR, and RD, or if the 
Queue-Status should be provided. RD should be connected to GND to provide 
Queue-Status data. 



ARDY 



55 



Asynchronous Ready informs the 80186 that the addressed memory space or 
I/O device will complete a data transfer. The ARDY input pin will accept an 
asynchronous input, and is active HIGH. Only the rising edge is internally 
synchronized by the 80186. This means that the falling edge of ARDY must be 
synchronized to the 80186 clock. If connected to Vcc. n ° WAIT states are 
inserted. Asynchronous ready (ARDY) or synchronous ready (SRDY) must be 
active to terminate a bus cycle. 



SRDY 



49 



Synchronous Ready must be synchronized externally to the 80186. The use of 
SRDY provides a relaxed system-timing specification on the Ready input. This 
is accomplished by eliminating the one-half clock cycle which is required for 
internally resolving the signal level when using the ARDY input. This line is 
active HIGH. If this line is connected to Vcc» no WAIT states are inserted. 
Asynchronous ready (ARDY) or synchronous ready (SRDY) must be active 
before a bus cycle is terminated. If unused, this line should be tied LOW. 



LOCK 



48 



LOCK output indicat es that other system bus master s are not to gain control of 
the system bus while LOCK is active LOW The LOCK signal is requested by the 
LOCK prefix instruction and is activated at the beginning of the first data cycle 
associated with the instruction following the LOCK prefix. It remains active 
until the completion of the in struction f ollowin g the LOCK prefix. No pre- 
fetches will occur while LOCK is asserted. LOCK is active LOW, is driven HIGH 
for one clock during RESET, and then floated. If unused, this line should be 
tied LOW. 
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Table 1. 80186 Pin Description (Continued) 



Symbol 



Pin 
No. 



Type 



Name and Function 



S0,S1,S2 



52-54 



Bus cycle status 50-S2 are encoded to provide bus-transaction information: 



80186 Bus Cycle Status Information 


S2 


S1 


so 


Bus Cycle Initiated 


0 


0 


0 


Interrupt Acknowledge 


0 


0 


1 


Read I/O 


0 


1 


0 


Write I/O 


0 


1 


1 


Halt 


1 


0 


0 


Instruction Fetch 


1 


0 


1 


Read Data from Memory 


1 


1 


0 


Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 



The status pins float during "HOLD." 

S2 may be used as a logical M/IO indicator, and SI as a DT/R indicator. 
The status lines are driven HIGH for one clock during Reset, and then floated 
until a bus cycle begins. 



HOLD (input) 
HLDA (output) 



50 
51 



I 

O 



HOLD indicates that another bus master is requesting the local bus. The 
HOLD input is active HIGH. HOLD may be asynchronous with respect to the 
80186 clock. The 80186 will issue a HLDA (HIGH) in response to a HOLD 
request at the end of T4 or T|. Simultaneous with the issuance of HLDA, the 
80186 will float the local bus and control lines. After HOLD is detected as 
beirig LOW, the 80186 will lower HLDA. When the 80186 needs to run 
another bus cycle, it will again drive the local bus and control lines. 



UCS 



34 



Upper Memory Chip Select is an active LOW output whenever a memory 
reference is made to the defined upper portion (1K-256K block) of m emo ry. 
This line is not floated during bus HOLD. The address range activating UCS is 
software programmable. 



LCS 



33 



Lower Memory Chip Select is active LOW whenever a memory reference is 
made to the defined lower portion (1K-256K) of memory. Thi s line is not 
floated during bus HOLD. The address range activating LCS is software 
programmable. 



MCSO-3 



38,37,36,35 



Mid-Range Memory Chip Select signals are active LOW when a memory 
reference is made to the defined mid-range portion of memory (8K-512K). 
These lines are not floated during bus HOLD. The address ranges activating 
MCSO-3 are software programmable. 



PCS0 
FC51-4 



25 

27,28,29,30 



O 
O 



Peripheral Chip Select signals 0-4 are active LOW when a reference is made to 
the defined peripheral area (64K byte I/O space). The se line s are not floated 
during bus HOLD. The address ranges activating PCS0-4 are software 
programmable. 



PCS5/A1 



31 



Peripheral Chip Select 5 or Latched A1 may be programmed to provide a sixth 
peripheral chip select, or to provide an internally latched A1 signal. The 
address range activating PCS5 is so ftware programmable. When programmed 
to provide latched A1, rather than PCS5, this pin will retain the previously 
latched value of A1 during a bus HOLD. A1 is active HIGH. 



PCS6/A2 



32 



Peripheral Chip Select 6 or Latched A2 may be programmed to provide a 
seventh peripheral chip select, or to provide an internally latched A2 signal. 
The address range activating PCS6 is softwa re pro grammable. When pro- 
grammed to provide latched A2, rather than PCS6, this pin will retain the 
previously latched value of A2 during a bus HOLD. A2 is active HIGH. 



DT/R 



40 



Data Transmit/Receive controls the direction of data flow through the external 
8286/8287 data bus transceiver. When LOW, data is transferred to the 80186. 
When HIGH the 80186 places write data on the data bus. 



DEN 



39 



Data Enable is provided as an 8286/8287 data bus tra nsceiv er output enable. 
DENjs active LOW during each memory and I/O access. DEN is HIGH whenever 
DT/R changes state. - ■ 
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FUNCTIONAL DESCRIPTION 
Introduction 

The following Functional Description describes the 
base architecture of the iAPX 186. This architecture 
is common to the iAPX 86, 88, and 286 microproces- 
sor families as well. The iAPX 186 is a very high 
integration 16-bit microprocessor. It combines 15-20 
of the most common microprocessor system compo- 
nents onto one chip while providing twice the perfor- 
mance of the standard iAPX 86. The 80186 is object 
code compatible with the iAPX 86, 88 microproces- 
sors and adds 10 new instruction types to the exist- 
ing iAPX 86, 88 instruction set. 



iAPX 186 BASE ARCHITECTURE 

The iAPX 86, 88, 186, and 286 family all contain the 
same basic set of registers, instructions, and 
addressing modes. The 80186 processor is upward 
compatible with the 8086, 8088, and 80286 CPUs. 

Register Set 

. The 80186 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 

General Registers 

Eight 16-bit general purpose registers used to con- 
tain arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers 
or split into pairs of Separate 8-bit registers. 



Segment Registers 

Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are immedi- 
ately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 

Base and Index Registers 

Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base ad- 
dresses or indexes to particular locations within a 
segment. The addressing mode selects the specific 
registers for operand and address calculations. 

Status and Control Registers 

Two 16-bit special purpose registers record or alter 
certain aspects of the 80186 processor state. These 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 



Status Word Description 

The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of the 
80186 within a given operating mode (bits 8, 9, and 
10). The Status Word Register is 16-bits wide. The 
function of the Status Word bits is shown in Table 2. 



16-BIT 
REGISTER 
NAME 



BYTE 

ADDRESSABLE 

(8-BIT 

REGISTER 

NAMES 

SHOWN) 



AH 


AL 


DH 


DL 


CH 


CL 


BH 


BL 











SPECIAL 
REGISTER 
FUNCTIONS 



LOOP/SHIFTVREPEAT/COUNT 
BASE REGISTERS 

INDEX REGISTERS 
STACK POINTER 



SEGMENT REGISTERS 



CODE SEGMENT SELECTOR 
DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 



STATUS WORD 

INSTRUCTION POINTER 



GENERAL 
REGISTERS 



STATUS AND CONTROL 
REGISTERS 



Figure 3a. 80186 General Purpose Register Set 
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STATUS FLAGS 
CARRY 
PARITY 
AUXILIARY CARRY 
ZERO 
SIGN 
OVERFLOW 




l»l»KVM»KWJ-K\W.»l 



ES3 



INTEL RESERVED 



CONTROL FLAGS 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 



Figure 3b. Status Word Format 



Table 2. Status Word Bit Functions 



Bit 
Position 


Name 


Function 


0 


CF 


Carry Flag — Set on high-order bit 
carry or borrow; cleared otherwise 


2 


PF 


Parity Flag— Set if low-order 8 bits 
of result contain an even number of 
1 -bits; cleared otherwise 


4 


AF 


Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 


6 


ZF 


Zero Flag-Set if result is zero; 
cleared otherwise 


7 


SF 


Sign Flag — Set equal to high-order 
bit of result (0 if positive, 1 if negative) 


8 


TF 


Single Step Flag — Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes., TF is 
cleared by the single step interrupt. 


9 


IF 


Interrupt-enable Flag — When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 


10 


DF 


Direction Flag — Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 


11 


OF 


Overflow Flag— Set if the signed 
result cannot be expressed 
within the number of bits in the 
destination operand; cleared 
otherwise 



Instruction Set 

The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 



manipulation, control transfer, high-level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 

An 80186 instruction can reference anywhere from 
zero to several operands. An operand can reside in a 
register, in the instruction itself, or in memory. Spe- 
cific operand addressing modes are discussed later 
in this data sheet. 

Memory Organization 

Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K 
(2 16 ) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 
16-bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment registers (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 5). 
This allows for a 1 MByte physical address size. 

All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen- 
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
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GENERAL PURPOSE 


MOV 


Move byte or word 


PUSH 


Push word onto stack 


POP 


Pop word off stack 


PUSHA 


Push all registers on stack 


POPA 


Pop all registers from stack 


XCHG 


Exchange byte or word 


XLAT 


Translate byte 


INPUT/OUTPUT 


IN 


Input byte or word 


OUT 


Output byte or word 


ADDRESS OBJECT 


LEA 


Load effective address 


LDS 


Load pointer using DS 


LES 


Load pointer using ES 


FLAG TRANSFER 


LAHF 


Load AH register from flags 


SAHF 


Store AH register in flags 


PUSHF 


Push flags onto stack 


POPF 


Pop flags off stack 



MOVS 


KAn\io K\/to f\r \kir\rr\ ctrinn 
iviuve uy it? \j\ wui u oil u 


INS 


Input bytes or word string 


OUTS 


Output bytes or word string 


CMPS 


Compare byte or word string 


SCAS 


Scan byte or word string 


LODS 


Load byte or word string 


STOS 


Store byte or word string 


REP 


Repeat 


REPE/REPZ 


Repeat while equal/zero 


REPNE/REPNZ 


Repeat while not equal/not zero 



ADDITION 


ADD 


Add byte or word 


ADC 


Add byte or word with carry 


INC 


Increment byte or word by 1 


AAA 


ASCII adjust for addition 


DAA 


Decimal adjust for addition 


SUBTRACTION 


SUB 


Subtract byte or word 


SBB 


Subtract byte or word with borrow 


DEC 


Decrement byte or word by 1 


NEG 


Negate byte or word 


CMP 


Compare byte or word 


AAS 


ASCII adjust for subtraction 


DAS 


Decimal adjust for subtraction 


MULTIPLICATION 


MUL 


Multiply byte or word unsigned 


IMUL 


Integer multiply byte or word 


AAM 


ASCII adjust for multiply 


DIVISION 


DIV 


Divide byte or word unsigned 


IDIV 


Integer divide byte or word 


AAD 


ASCII adjust for division 


CBW 


Convert byte to word 


CWD 


Convert word to doubleword 



LOGICALS 


NOT 


"Not" byte or word 


AND 


"And" byte or word 


OR 


"Inclusive or" byte or word 


XOR 


"Exclusive or" byte or word 


TEST 


"Test" byte or word 


SHIFTS 


SHL/SAL 


Shift logical/arithmetic left byte or word 


SHR 


Shift logical right byte or word 


SAR 


Shift arithmetic right byte or word 


ROTATES 


ROL 


Rotate left byte or word 


ROR 


Rotate right byte or word 


RCL 


Rotate through carry left byte or word 


RCR 


Rotate through carry right byte or word 



FLAG OPERATIONS 


STC 


Set carry flag 


CLC 


Clear carry flag 


CMC 


Complement carry flag 


STD 


Set direction flag 


CLD 


Clear direction flag 


STI 


Set interrupt enable flag 


CLI 


Clear interrupt enable flag 


EXTERNAL SYNCHRONIZATION 


HLT 


Halt until interrupt or reset 


WAIT 


Wait for TEST pin active 


ESC 


Escape to extension processor 


LOCK 


Lock bus during next instruction 


NO OPERATION 


NOP | No operation 


HIGH LEVEL INSTRUCTIONS 


ENTER 


Format stack for procedure entry 


LEAVE 


Restore stack for procedure exit 


BOUND 


Detects values outside prescribed range 



Figure 4. IAPX 186 Instruction Set 
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CONDITIONAL TRANSFERS 


UNCONDITIONAL TRANSFERS 


IA/ IMRF 


uUI 1 lp II ClUUvC/ 1 lUl UCIUW 1 IVJI CLjUCll 


CALL 


Call procedure 


JAF/INB 


. li imn if ahnv/P nr phi jal/nnt hpinw 


RET 


Return from procedure 


JB/JNAE 


Jump if bslow/not above nor equal 


JMP 


Jump 


JBE/JNA 


.lumn if hplow nr pnual/not ahn\/p 


JC 


.lumn if parrv 
viui i i|j ii V/Cii i y 


ITERATION CONTROLS 


JE/JZ 


li imn if phi ial/7Prn 


LOOP 


Loop 


JO/JINLC 


li infirm if nrAotar/nAt Inco nor asii i o 1 

juiiip ii y i caici/riui itJob nor equal 


IfiC/ IMI 


li imn if nroator c\r am lol/nnt lace 
Jump il yiCJaici ui tJLjual/i IUI Icoo 


LOOPE/LOOPZ 


Loop if equal/zero 


II / INfiF 


It imn if IPQQ/nnt nrpfltpr nnr Pni \a\ 

OUI lip II ICOO/ 1 \\J\ y 1 CCUCI IIUI VsljUCll 


LOOPNE/LOOPNZ 


Loop if not equal/not zero 


II F/ INH 


Ii imn if Ipcc nr om lol/nnt nrostor 
OUiiipil icoo Ui tJUjUal/l IUI yicalcl 


JCXZ 


Jump if register CX = 0 


JNC 


. li imn if nnt narrx/ 
uui i \yj ii i ocii i y 


JNE/JNZ 


Jump if not equal/not zero 


INTERRUPTS 


JNO 


Jump if not overflow 


INT 


Interrupt 


JNP/JPO 


Jump if not parity/parity odd 


JNS 


Jump if not sign 


INTO 


Interrupt if overflow 


JO 


Jump if overflow 


IRET 


Interrupt return 


JP/JPE 


Jump if parity/parity even 


JS 


Jump if sign 



Figure 4. iAPX 186 Instruction Set (continued) 



To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg- 
ment) and offset values. 



SHIFT LEFT 4 BITS r 



2 3 4 I 0 I 



0 0 2 2 IOFFSET 



0 0 2 2 I 



2 3 6 2 I PHYSICAL ADDRESS 



T 



Figure 5. Two Component Address 
Table 3. Segment Register Selection Rules 



Memory 


Segment 




Reference 


Register 


Implicit Segment 


Needed 


Used 


Selection Rule 


Instructions 


Code (CS) 


Instruction prefetch and 
immediate data. 


Stack 


Stack (SS) 


All stack pushes and 
pops; any memory refer- 
ences which use BP Reg- 
ister as a base register. 


External 


Extra (ES) 


All string instruction 


Data 




references which use 


(Global) 




the, Dl register as an 
index. 


Local Data 


Data (DS) 


All other data references. 



PROCESS 
STACK 



PROCESS 
DATA 
BLOCK 1 



PROCESS 
DATA 
BLOCK 2 



SEGMENT 
REGISTERS 



I I 

L J 

MEMORY 



Figure 6. Segmented Memory Helps 
Structure Software 
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Addressing Modes 

The 80186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 

• Register Operand Mode: The operand is located in 
one of the 8- or 16-bit general registers. 

• Immediate Operand Mode: The operand is in- 
cluded in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicity 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address 
elements: 

• the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 

• the base (contents of either the BX or BP base 
registers); and 

• the index (contents of either the SI or Dl index 
registers). 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 

Combinations of these three address elements 
define the six memory addressing modes, described 
below. 

• Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement 
element. 

• Register Indirect Mode: The operand's offset is in 
one of the registers SI, Dl, BX, or BP. 

• Based Mode: The operand's offset is the sum of an 
8- or 16-bit displacement and the contents of a 
base register (BX or BP). 

• Indexed Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of an 
index register (SI or Dl). 

• Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an index 
register. 

• Based Indexed Mode with Displacement: The 
operand's offset is the sum of a base register's 
contents, an index register's contents, and an 8- or 
16-bit displacement. 



Data Types 

The 801 86 directly supports the following data types: 

• Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. Signed 

32- and 64-bit integers are supported using the 
iAPX 186/20 Numeric Data Processor. 

• Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 
16-bit Offset component or a 16-bit segment base 
component in addition to a 16-bit offset 
component. 

• String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 

• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 

• BCD: A byte (unpacked) representation of the de- 
cimal digits 0-9. 

• Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in each 
nibble (4-bits) of the byte. 

• Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using the iAPX 186/20 Numeric Data 
Processor configuration.) 

In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically 
represents the data types supported by the iAPX 1 86. 

I/O Space 

The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the 
instruction, or a 16-bit port address in the DX regis- 
ter. 8-bit port addresses are zero extended such that 
Ai5-A 8 are LOW. I/O port addresses 00F8(H) through 
00FF(H) are reserved. 

Interrupts 

An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or 
maskable. 
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S 'bvt° IPT 1 " 1 "! 



SIGN BIT 



UNSIGNED I | | I I | I | I 
BYTE I 



1514 + 1 8 7 0 0 
SIGNED j j | | | | | | | | 1 I | | 1 I j 

SIGN BIT J | L MSB i 



MAGNITUDE 

SIGNED 31 +3 +2 16 15 +1 0 0 

DOUBLE j | I I | HI j 1 11 | II I j I M | M I | I I I | I I fj 

SIGN B|T J i 1 - MSB 



MAGNITUDE 



+ 7 +6 +5 +4 +3 +2 +1 0 

SIGNED 63 48 47 32l31 1615 

QUAD r ' ' ' ' 

WORD* 

SIGN BITV~ MSB 



» 63 48 47 32 31 16 15 0 

ii i i i i i n 




| m |ii i|Mi| i 



(BCD) BCD 
K 1 DIGIT N 



ASCII 



I I I I I I I I | 



ASCII 
CHARACTERn 

7 +N 0 

PACKED 



BCD BCD 
DIGIT 1 DIGIT 0 



I I I I I i I I | I I I I I I I l 



ASCII ASCII 
CHARACTERi CHARACTERn 



I I I I i I I M I I I I I I I I 



LEAST 
SIGNIFICANT DIGIT 



I I M I I I I I I I I | I I I | 



BYTE/WORD N BYTE/WORD 1 BYTE/WORD 0 

31 + 3 +2 1615 +1 0 0 

POINTER I'"!"'!'"'"'! '"I"'| m | m l 



FLOATING I 
POINT* 



SELECTOR OFFSET 
9 +9 +8 +7 +6 +5 +4 +3 +2+1 0 0 

I I I I I I I T"TT~l 



EXPONENT 



MAGNITUDE 



NOTE: 

•SUPPORTED BY iAPX 186/20 NUMERIC DATA PROCESSOR 
CONFIGURATION. 



Figure 7. iAPX 186 Supported Data Types 



Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by ex- 
ecuting an ESC instruction with the ESC trap bit set 
in the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride prefix immediately preceding the ESC instruc- 
tion if the prefix was present. In all other cases, the 
return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 

A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. 
Interrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and non- 
cascaded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware in- 
itiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 

Interrupt Sources 

The 80186 can service interrupts generated by soft- 
ware or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruction. 
Thus, the software interrupts will begin service first. 
Once the service routine is entered and interrupts 
are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 

The software generated 80186 interrupts are 
described below. 



DIVIDE ERROR EXCEPTION (TYPE 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 
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Table 4. 80186 Interrupt Vectors 





Vector 


Default 


Related 


Interrupt Name 


Type 


Priority 


Instructions 


Divide Error 


0 


*1 


DIV, IDIV 


Exception 








Single Step 


1 


12**2 


All 


interrupt 








NMI 


2 


1 


All 


Breakpoint 


3 


*1 


INT 


Interrupt 








INTO Detected 


4 


*1 


. INTO 


Overflow 








Exception 








Array Bounds 


5 


*1 


BOUND 


Exception 








Unused-Opcode 


6 


*1 


Undefined 


Exception 






Opcodes 


COO \J\J\s\J\J*5 


7 






Exception 








Timer 0 Interrupt 


8 


2A**** 




Timer 1 Interrupt 


18 


2B**** 




Timer 2 Interrupt 


19 


2C**** 




Reserved 


9 


3 




DMA 0 Interrupt 


10 


4 




DMA 1 Interrupt 


11 


5 




INTO Interrupt 


12 


6 




INT1 Interrupt 


13 


7 




INT2 Interrupt 


14 


8 




INT3 Interrupt 


15 


9 





NOTES: 

*1. These are generated as the result of an instruction 
execution. 
* **2. This is handled as in the 8086. 

****3. All three timers constitute one source of request to the 
interrupt controller. The Timer interrupts all have the same 
default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 
2B.) Each Timer interrupt has a separate vector type 
number. 

4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique 
priority level. 

***5. An escape opcode will cause a trap only if the proper bit is 
set in the peripheral control block relocation register. 



SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag is set. 
Interrupts will not be generated after prefix instruc- 
tions (e.g., REP), instructions which modify segment 
registers (e.g., POP DS), or the WAIT instruction. 

NON-MASKABLE INTERRUPT— NMI (TYPE 2) 

An external interrupt source which cannot be 
masked. 

BREAKPOINT INTERRUPT (TYPE 3) 

A one^byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 



INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4) 

Generated during an INTO instruction if the OF bit is 
set. 

ARRAY BOUNDS EXCEPTION (TYPE 5) 

Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 

UNUSED OPCODE EXCEPTION (TYPE 6) 

Generated if execution is attempted on undefined 
opcodes. 

ESCAPE OPCODE EXCEPTION (TYPE 7) 

Generated if execution is attempted of ESC opcodes 
(D8H-DFH). This exception will only be generated if a 
bit in the relocation register is set. The return ad- 
dress of this exception will point to the ESC instruc- 
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad- 
dress will point to the segment override prefix. 

Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80186 provides maskable hardware in- 
terrupt request pins INT0-INT3. In addition, 
maskable interrupts may be generated by the 80186 
integrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown in 
Table 4. Software enables these inputs by setting the 
interrupt flag bit (IF) in the Status Word. The interrupt 
controller' is discussed in the peripheral section of 
this data sheet. 

Further maskable interrupts are disabled while 
servicing an interrupt because the IF bit is reset as 
part of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of the 
processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80186 will immediately service the 
highest-priority interrupt pending, i.e., no instruc- 
tions of the main line program will be executed. 

Non-Maskable Interrupt Request (NMI) 

A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
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causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 

Single-Step Interrupt 

The 80186 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is called 
the single-step interrupt and is controlled by the 
single-step flag bit (TF) in the Status Word. Once this 
bit is set, an internal single-step interrupt will occur 
after the next instruction has been executed. The 
interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 

Initialization and Processor Reset 

Processor initi aliza tion or startup i s acc omplished 
by driving the RES input pin LOW. RES forces the 
80186 to terminate all execution and local bus ac- 
tivi ty. N o instruction or bus activity will occur as long 
as RES is active. After RES becomes inactive and an 
internal processing interval elapses, the 80186 
begins execution with the instruction at physical lo- 
cation FFFFO(H). RES also sets some registers to 
predefined values as shown in Table 5. 

Table 5. 80186 Initial Register State after RESET 



Status Word 


F002(H) 


Instruction Pointer 


000Q(H) 


Code Segment 


FFFF(H) 


Data Segment 


0000(H) 


Extra Segment 


0000(H) 


Stack Segment 


0000(H) 


Relocation Register 


20FF(H) 


UM.CS 


FFFB(H) 



iAPX 186 CLOCK GENERATOR 

The iAPX 186 provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 

Oscillator 

The oscillator circuit of the iAPX 186 is designed to 
be used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the iAPX 186: 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is not 



recommended with this oscillator. If an external oscil- 
lator is used, it can be connected directly to input pin 
X1 in lieu oif a crystal. The output of the oscillator is 
not directly available outside the iAPX 186. The 
recommended crystal configuration is shown in 
Figure 8. 




T 



20pF 



I 1 x MHz CRYSTAL 



80186 (8 MHz) 


16 


80186-6 (6 MHz) 


12 



Figure 8. Recommended iAPX 186 Crystal 
Configuration 

Clock Generator 

The iAPX 186 clock generator provides the 50% duty 
cycle processor clock for the iAPX 186. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used/the 
state of the clock generator will change on the falling 
edge of the oscillator signal. The CLKOUT pin pro- 
vides the processor clock signal for use outside the 
iAPX 186. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 

READY Synchronization 

The iAPX 186 provides both synchronous and asyn- 
chronous ready inputs. Asynchronous ready syn- 
chronization is accomplished by circuitry which 
samples ARDY in the middle of T 2 , T 3 and again in 
the middle of each T w until ARDY is sampled 
HIGH. One-half CLKOUT cycle of resolution time is 
used. Full synchronization is performed only on the 
rising edge of ARDY, i.e., the falling edge of ARDY 
must be synchronized to the CLKOUT signal if it 
will occur during T 2 , T 3 or Tw- High-to-LOW transi- 
tions of ARDY must be performed synchronously 
to the CPU clock. 

A second ready input (SRDY) is provided to inter- 
face with externally synchronized ready signals. 
This input is sampled at the end of T 2 , T 3 and again 
at the end of each T w until it is sampled HIGH. By 
using this input rather than the asynchronous 
ready input, the half-clock cycle resolution time 
penalty is eliminated. 
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This input must satisfy set-up and hold times to 
guarantee proper operation of the circuit. 

In addition, the iAPX 186, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 

RESET Logic 

The iAPX 186 provides both a RES input pin and a 
synchronized RE SET p in for use with other system 
components. The RES input pin on the iAPX 186 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guarant eed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be d elayed up to two and one-half clocks behind 
RES. 

Multiple iAP X 186 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal count- 
er in the clock generator. In order to insure that the 
divide-by-two counters all begin coun ting at the 
same time, the active going edge of RES must satisfy 
a 25 ns setup time before the falling edge of the 
80186 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, the 
reset must satisfy a 25 ns setup time before the rising 
edge of the CLKOUT signal of all the processors. 

LOCAL BUS CONTROLLER 

The iAPX 186 provides a local bus controller to 
generate the local bus control signals. In addition, it 
employs a HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
control lines that can be used to enable external 
buffers and to direct the flow of data on and off the 
local bus. 

Memory/Peripheral Control 

The iAPX 186 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the iAPX 186 or to strobe data 
from the iAPX 186 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad- 
dress/data bus. The iAPX 186^ local bus controller 
does not provide a memory/I/O signal. If this is re- 
quired, the user will have to use the S2 signal (which 
will require external latching), make the memory and 
I/O spaces nonoyerlapping, or use only the in- 
tegrated chip-select circuitry. 



Transceiver Control 

The iAPX 186 generates two control signals to be 
connected to 8286/8287 transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering without adding external logic. These con- 
trol lines, DT/R and DEN, are generated to control the 
flow of data through the transceivers. The operation 
of these signals is shown in Table 6. 



Table 6. Transceiver Control Signals Description 



Pin Name 


Function 


DEN (Data Enable) 

DT/R (Data Transmit/ 
Receive) 


Enables the output drivers of 
the transceivers. It is active 
LOW during memory, I/O, or 
INTA cycles. 

Determines the direction of 
travel through the transceivers. 
A HIGH level directs data away 
from the processor during write 
operations, while a LOW level 
directs data toward the proces- 
sor during a read operation. 



Local Bus Arbitration 



The iAPX 186 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The iAPX 186 provides a single 
HOLD/HLDA pair through which all other bus mas- 
ters may gain control of the local bus. This requires 
external circuitry to arbitrate which external device 
will gain control of the bus from the iAPX 186 when 
there is more than one alternate local bus master. 
When the iAP X 186 relinquishes contr ol of th e local 
bus, it floats DEN, RD, WR, S0-S2, LOCK, AD0- 
AD15, A16-A19, BHE, and DT/R to allow another 
master to drive these lines directly. 

The iAPX 186 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD request 
is the highest-priority activity request which the pro- 
cessor may receive: higher than instruction fetching 
or internal DMA cycles. However, if a DMA cycle is in 
progress, the iAPX 186 will complete the transfer 
before relinquishing the bus. This implies that if a 
HOLD request is received just as a DMA transfer 
begins, the HOLD latency time can be as great as 4 
bus cycles. This will occur if a DMA word transfer 
operation is taking place from an odd address to an 
odd address. This is a total of 16 clocks or more,* if 
WAIT states are required. In addition, if locked trans- 
fers are performed, the HOLD latency time will be 
increased by the length of the locked transfer. 
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Local Bus Controller and Reset 

Upon receipt of a RESET pulse from the RES input, 
the local bus controller will perform the following 
actions: 

• Drive DEN, RD, and WR HIGH for one clock cycle, 
then float. 

NOTE: RD is also provided with an internal pull-up 
device to prevent the processor from inadvertently 
entering Queue Status mode during reset. 

• Drive S0-S2 to the passive state (all HIGH) and 
then f loat. 

• Drive LOCK HIGH and th en flo at. _ 

• Tristate ADO-15, A16-19, BHE, DT/R. 

• Drive ALE LOW (ALE is never floated), 

• Drive HLDA LOW. 



INTERNAL PERIPHERAL INTERFACE 

All the iAPX 186 integrated peripherals are con- 
trolled via 16-bit registers contained within an inter- 
nal 256-byte control block. This control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(i.e., the RD, WR, status, address, data, etc., lines will 
be driven as in a normal bus cycle), but D 15 _ 0 , SRDY, 
and ARDY will be ignored. The base address of the 
control block must be on an even 256-byte boundary 
(i.e., the lower 8 bits of the base address are all 
zeros). All of the defined registers within this control 
block may be read or written by the 80186 CPU at any 
time. The location of any register contained within 
the 256-byte control block is determined by the cur- 
rent base address of the control block! 

The control block base address is programmed via a 
16-bit relocation register contained within the con- 
trol block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. Note 
that mapping the control register block into an ad- 
dress range corresponding to a chip-select range is 
not recommended (the chip select circuitry is dis- 
cussed later in this data sheet). In addition, bit 12 of 
this register determines whether the control block 
will be mapped into I/O or memory space. If this bit is 
1, the control block will be located in memory space, 
whereas if the bit is 0, the control block will be lo- 
cated in I/O space. If the control register bJock is 
mapped into I/O space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad- 
dresses are only 16 bits wide). 



In addition to providing relocation information for 
the control block, the relocation register contains 
bits which place the interrupt controller into iRMX 
mode, and cause the CPU to interrupt upon en- 
countering ESC instructions. At RESET, the reloca- 
tion register is set to 20FFH. This.causes the control 
block to start at FF00H in I/O space. An offset map 
of the 256-byte control register block is shown in 
Figure 10. 

The integrated iAPX 186 peripherals operate semi- 
autonomously from the CPU. Access to them for the 
most part is via software read/write of the control and 
data locations in the control block. Most of these 
registers can be both read and written. A few 
dedicated lines, such as interrupts and DMA request 
provide real-time communication between the CPU 
and peripherals as in a more conventional system 
utilizing discrete peripheral blocks. The overall inter- 
action and function of the peripheral blocks has not 
substantially changed. 



CHIP-SELECT/READY GENERATION 
LOGIC 

The iAPX 186 contains logic which provides pro- 
grammable chip-select generation for both 
memories and peripherals. In addition, it can be pro- 
grammed to provide READY (or WAIT state) genera- 
tion. It can also provide latched address bits A1 and 
A2. The chip-select lines are active for all memory 
and I/O cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
DMA unit. 

Memory Chip Selects 

The iAPX 186 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 

The range for each chip select is user-programmable 
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K 
(plus 1K and 256K for upper and lower chip selects). 
In addition, the beginning or base address of the 
midrange memory chip select may also be selected. 
Only one chip select may be programmed to be ac- 
tive for any memory location at a time. All chip select 
sizes are in bytes, whereas iAPX 186 memory is ar- 
ranged in worlds, Jhis means that if, for example, 16 
64K x 1 memories are used, the memory block size 
will be 128K, not 64K. 
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15 


14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


OFFSET: FEh| ET 


RMX | X | M/IO | Relocation Address Bits R19-R8 | 


ET 


- ESC Trap / No ESC Trap (1/0) % 


M/IO 


- Register block located In Memory / I/O Space (1/0) 


RMX 


■ Master Interrupt Controller mode / IRMX compatible 




Interrupt Controller mode (0/1) 



Figure 9. Relocation Register 



Relocation Register 



DMA Descriptors Channel 1 



DMA Descriptors Channel 0 



Chip-Select Control Registers 



Timer 2 Control Registers 



Timer 1 Control Registers 



Timer 0 Control Registers 



Interrupt Controller Registers 



OFFSET 
FEH 



DAH 
DOH 



CAH 
COH 



A8H 
AOH 



60H 
5EH 



58H 
56H 



3EH 
20H 



Table 7. UMCS Programming Values 



Figure 10. Internal Register Map 



Upper Memory CS 

The iAPX 186 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually used 
as the system memory because after reset the iAPX 
186 begins executing at memory location FFFF0H. 

The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select blocJ< is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 



Starting 






Address 


Memory 


UMCS Value 


(Base 


Block 


(Assuming 


Address) 


Size 


R0=R1=R2=0) 


FFC00 


1K 


FFF8H 


FF800 


2K 


FFB8H 


FF000 


4K 


FF38H 


FE000 


8K 


FE38H 


FC000 


16K 


FC38H 


F8000 


32K 


F838H 


F0000 


64K 


F038H 


E0000 


128K 


E038H 


coooo 


256K 


C038H 



The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad- 
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 
be reprog rammed if a larger upper memory area is 
desired. 

Any internally generated 20-bit address whose upper 
16 bits are greater than or equal to UMCS (with bits 
0-5 "0") will cause UCS to be activated. UMCS bits 
R2-R0 are used to specify READY mode for the area 
of memory defined by this chip-select register, as 
explained below. 

Lower Memory CS 

The iAPX 186 provides a chip select for low memory 
called LCS. The bottom of memory contains the inter- 
rupt vector table, starting at location 00000H. 

The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the -upper limit, the size of the 
memory block is also defined. Table 8 shows the 
relationship between the upper address selected and 
the size of the memory block obtained. 
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Table 8. LMCS Programming Values 





Memory 


LMCS Value 


Upper 


Block 


(Assuming 


Address 


Size 


R0=R1=R2=0) 


003FFH 


1K 


0038H 


007FFH 


2K 


0078H 


OOFFFH 


4K 


00F8H 


01FFFH 


8K 


01F8H 


03FFFH 


16K 


03F8H 


07FFFH 


32K 


07F8H 


OFFFFH 


64K 


0FF8H 


1FFFFH 


128K 


1FF8H 


3FFFFH 


256K 


3FF8H 



The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip- 
select line will not become active until the LMCS 
register is accessed. 

Any internally generated 20-bit address whose upper 
16 bits are less than or equal to LMCS (with bits 0-5 
"1") will cause LCS to be active. LMCS register bits 
R2-R0 are used to specify the READY mode for the 
area of memory defined by this chip-select register. 

Mid-Range Memory CS 

The iAPX 186 provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located anywhere within the iAPX 186 
1M byte memory add ress spac e exclusive of the 
areas defined by UCS and LCS. Both the base ad- 
dress and size of this memory block are 
programmable. 

The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is determined 



by bits 8-14 of the MPCS register (see Figure 13). 
This register is at location A8H in the internal control 
block. One and only one of bits 8-14 must b e set at a 
time. Unpredictable operation of the MCS lines will 
otherwise occur. Each of the four chip-select lines is 
active for 6ne Of the four equal contiguous divisions 
of the mid-range block. Thus, if the total block size is 
32K, each chip select is active for 8K of memo ry with 
MCSO being active for the first range and MCS3 
being active for the last range. 

The EX and MS in MPCS relate to peripheral 
functionality as descibed a later section. 

Table 9. MPCS Programming Values 



Total Block 


Individual 


MPCS Bits 


Size 


Select Size 


14-8 


8K 


2K 


0000001 B 


16K 


4K 


000001 0B 


32K 


8K 


00001 00B 


64K 


16K 


00010009 


128K 


32K 


0010000B 


256K 


64K 


0100000B 


512K 


128K 


1000000B 



The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 
control block. These bits correspond to bits A19-A13 
of the 20-bit memory address. Bits A12-A0 of the 
base address are always 0. The base address may be 
set at any integer multiple of the size of the total 
memory block selected. For example, if the mid- 
range bloc k size is 32K (or the size of the block for 
which each MCS line is active is 8K), the block could 
be located at 10000H or 18000H, but not at 14000H, 
since the first few integer multiples of a 32K memory 
block are OH, 8000H, 10000H, 18000H, etc. After 
reset, the contents of both of these registers is un- 
defined. However, none of the MCS lines will be ac- 
tive until both the MMCS and MPCS registers are 
accessed. 





15 


14 


13 12 11 10 9 8 7 6 5 4 3 


2 1 


0 


OFFSET: A0H 




1 I 


u|u|u|u|u|u|u u|i | 1 | 1 


| R2 | R1 


R0 | 




A19 




A11 






I Figure 11. UMCS Register 
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Figure 12. LMCS Register 
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OFFSET: ASH | 1 | M6 | M5 | M4 


M3 


M2 | IV 


11 | MO | EX 
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■ 1 




R2 


R1 | RO | 





Figure 13. MPCS Register 
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Figure 14. MMCS Register 



MMCS bits R2-R0 specify READY mode of operation 
for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 

The 51 2K block size for the mid-range memory chip 
selects is a special case. When using 51 2K, the base 
address would have to be at either locations 00000H 
or 80000 H. If it were to be programmed at 00000H 
when the LCS line was program med, there would be 
an internal conflict betwe en the LCS ready genera- 
tion logic and the MCS ready generation logic. 
Likewise, if the base address were prog ramm ed at 
80000H, there would be a c onflic t with the UCS ready 
generation logic. Since the LCS chip-select line does 
not become active until programmed, while the UCS 
line is active at reset, the memory base can be set 
only at 00000 H. If this base address is selected, 
however, the LCS range must not be programmed. 

Peripheral Chip Selects 

The iAPX 186 can generate chip selects for up to 
seven peripheral devices. These chip selects are ac- 
tive for seven contiguous blocks of 128 bytes above a 
programmable base address. This base address may 
be located in either memory or I/O space. 

Seven CB lines called PCSO-6 are generated by the 
iAPX 186. The base address is user-programmable; 



however it can only be a multiple of 1K bytes, i.e., the 
least significant 10 bits of the starting address are 
always 0. 



PCS5 and PCS6 can also be programmed to provide 
latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, A1 pins used for 
selecting internal registers of 8-bit peripheral chips. 
This scheme simplifies the hardware interface be- 
cause the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bound- 
aries in I/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are "don't cares." 



The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 15). 
This register is located at offset A4H in the internal 
control block. Bits 1 5-6 of this register correspond to 
bits 19-10 of the 20-bit Programmable Base Address 
(PBA) of the peripheral chip-select block. Bits 9-0 of 
the PBA of the peripheral chip-select block are all 
zeros. If the chip-select block is located in I/O space, 
bits 12-15 must be programmed zero, since the I/O 
address is only 16 bits wide. Table 10 shows the 
address range -of each peripheral chip select with 
respect to the PBA contained in PACS register. 



15 6 5 3 0 

OFFSET: A4H | U | U | U [ U ] U | U ] U [ U | U [ U [ 1 [ 1 | 1 | R2 | R1 | R0 | 
A19 A10 



Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0- 2 
are used to specify READY mode for PCS0-PCS3. 



Table 10. PCS Address Ranges 



PCS Line 


Active between Locations 


PCSO 


PBA — PBA+127 


PCS1 


PBA+128— PBA+255 


PCS2 


PBA +256 —PBA +383 


PCS3 


PBA+384 — PBA+511 


PCS4 


PBA+512 — PBA+639 


PCS5 


PBA+640— PBA+767 


PCS6 


PBA+768— PBA+895 



The mode of operation of the peripheral chip selects 
is def ined by the MPCS register (which is also used to 
set the size of the mid-range memory chip-select 
block, see Figure 16). This register is located at offset 
A8H in the internal c ontrol blo ck. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 1 1 de- 
scribes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS regis- 
ters are accessed. 



Table 11. MS, EX Programming Values 



Bit 


Description 


MS 
EX 


1 = Peripherals mapped into memory space. 
0 = Peripherals mapped into I/O space. 

0=5 PCS lines. A1, A2 provided. 
1=7 PCS lines. A1, A2 are not provided. 



MPCS bits 0 -2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 



READY Generation Logic 

The iAPX 186 can generate a "READY" signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for which 
the chip select is active. In addition, the iAPX 186 may 
be programmed to either ignore external READY for 



each chip-select range individually or to factor exter- 
nal READY with the integrated ready generator. 

READY control consists of 3 bits for each CS line or 
group of lines generated by the iAPX 186. The inter- 
pretation of the ready bits is shown in Table 12. 



Table 12. READY Bits Programming 



R2 


R1 


R0 


Number of WAIT States Generated 


0 


0 


0 


0 wait states, external RDY also used. 


0 


0 


1 


1 wait state inserted, external RDY also 








used. 


0 


1 


0 


2 wait states inserted, external RDY also 








used. 


0 


1 


1 


3 wait states inserted, external RDYaiso 








used. 


1 


0 


0 


0 wait states, external RDY ignored. 


1 


0 


1 


1 wait state inserted, external RDY 








ignored. 


1 


1 


0 


2 wait states inserted, external RDY 








ignored. 


1 


1 


1 


3 wait states inserted, external RDY 








ignored., 



The internal ready generator operates in parallel with 
external READY, not in series if the external READY 
is used (R2 = 0). This means, for example, if the 
infernal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 
signal. Note that the external ARDYand SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 

R2-R0 of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the pe ripheral chip selects: R2-R0 of PACS 
set the PC S0-3 READY mode, R2-R0 of MPCS set 
the PCS4-6 READY mode. 

Chip Select/Ready Logic and Reset 

Upon reset, the Chip-Select/Ready Logic will per- 
form the following actions: 

• All chip-select outputs will be d riven HIGH. 

• Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1 K block with 
the accompanying READY control bits set at 01 1 to 



15 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0 
OFFSET: A8H | 1 | M6 | M5 [ M4 j M3 | M2 | M1 | M0 | EX | MS | 1 | 1 | 1 | R2 [ R1 | R0 [ 



Figure 16. MPCS Register 
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allow the maximum number of internal wait states 
in conjunction with external Ready consideration 
(i.e., UMCS resets to FFFBH). 
• No other chip select or READY control registers 
have any predefined values after RESET. They will 
not become active until the CPU accesses their 
control registers. Both the PACS and MPCS regis- 
ters must be accessed before the PCS lines will 
become active. 

DMA CHANNELS 

The 80186 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur 
between memory and I/O spaces (e.g., Memory to 
I/O) or within the same space (e.g., Memory to 
Memory or I/O to I/O). Data can be transferred either 
in bytes (8 bits) or in words (16 bits) to or from even or 
odd addresses. Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer (by one or two depending on byte or 
word transfers). Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
maximum data transfer rate of one Mword/sec or 2 
MBytes/sec. 



DMA Operation 

Each channel has six registers in the control block 
which define each channel's specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16- 
bit Transfer Counter, and a 16-bit Control Word. The 
format of the DMA Control Blocks is shown in Table 
13. The Transfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up to 64K 
byte or word transfers can be performed with auto- 
matic termination. The Control Word defines the 
channel's operation (see Figure 18). All registers may 
be modified or altered during any DMA activity. Any 
changes made to these registers will be reflected 
immediately in DMA operation. 



Table 13. DMA Control Block Format 



Register Name 


Register Address 


Ch.O 


Ch. 1 


Control Word 


CAH 


DAH 


Transfer Count 


C8H 


D8H 


Destination Pointer (upper 4 


C6H 


D6H 


bits) 






Destination Pointer 


C4H 


D4H 


Source Pointer (upper 4 bits) 


C2H 


D2H 


Source Pointer 


COH 


DOH 



20 BIT ADDER/SUBTRACTOR 



ADDER CONTROL 
LOGIC 



TRANSFER COUNTER CH. 1 



DEST. ADRS. POINTER CH. 1 



SRC. ADRS. POINTER CH. 1 



TRANSFER COUNTER CH. 0 



DEST. ADRS. POINTER CH. 0 



SRC. ADRS. POINTER CH. 0 



7\ 



TIMER REQUEST 



DMA 
CONTROL 
LOGIC 



IE 



REQUEST 
SELECTION 
LOGIC 



CHANNEL CONTROL WORD 1 



CHANNEL CONTROL WORD 0 



1 



INTERNAL ADDRESS/DATA BUS 



DRQ1 



DRQO 



INTERRUPT 
REQUEST 



Figure 17. DMA Unit Block Diagram 
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Figure 18. DMA Control Register 



DMA Channel Control Word Register 

Each DMA Channel Control Word determines the 
mode of operation for the particular 80186 DMA 
channel. This register specifies: 

• the mode of synchronization; 

• whether bytes or words will be transferred; 

• whether interrupts will be generated after the last 
transfer; 

• whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 

• the relative priority of the DMA channel with 
respect to the other DMA channel; 

• whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 

• whether the source pointer addresses memory or 
I/O space; 

• whether the destination pointer will be incre- 
mented, decremented, or maintained constant af- 
ter each transfer; and 

• whether the destination pointer will address 
memory or I/O space. 

The DMA channel control registers may be changed 
while the channel is operating. However, any 
changes made during operation will affect the cur- 
rent DMA transfer. " 

DMA Control Word Bit Descriptions 

B/W: Byte/Word (0/1) Transfers. 

Start/stop (1/0) Channel. 

Ch ange /Do not change (1/0) 
ST/STOP bit. If this bit is set when 
wri ting t o the control word, the 
ST/STOP bit will be programmed by 
the write to the control word. If this 
bit is cleared whe n writ ing the con- 
trol word, the ST/STOP bit will not 
be altered. This bit is not stored; it 
will always be a 0 on read. 



ST/STOP: 



CHG/NOCHG: 



INT: Enable Interrupts to CPU on Trans- 

fer Count termination. 

TC: If set, DMA will terminate when the 

contents of the Transfer C ount reg- 
ister reach zero. The ST/STOP bit 
will also be reset at this point if TC is 
set. If this bit is cleared, the DMA 
unit will decrement the transfer 
count register for each DMA cycle, 
but the DMA transfer will not stop 
when the contents of the TC register 
reach zero. 

SYN: 00 No synchronization. 

(2 bits) NOTE: The ST bit will be cleared 

automatically when the contents 
of the TC register reach zero re- 
gardless of the state of the TC bit. 

01 Source synchronization. 

10 Destination synchronization. 

11 Unused. 

Increment source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 

Source pointer is in M/IO space 
(1/0). 

DEC Decrement source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 

DEST: INC Increment destination pointer by 1 
or 2 (B/W) after each transfer. 

M/IO Destination pointer is in M/IO space 
(1/0). 

DEC Decrement destination pointer by 1 
or 2 (depending on B/W) after each 
transfer. 

P Channel priority — relative to other 

channel. 

0 low priority. 

1 high priority. 

Channels will alternate cycles if 
both set at same priority level. 



SOURCE:INC 



M/IO 
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TDRQ 0: Disable DMA requests from timer 

2. 

1 : Enable DMA requests from timer 
2. 

Bit 3 Bit 3 is not used. 

If both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. 

DMA Destination and Source Pointer 
Registers 

Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18a). These pointers may be 
individually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since the 
DMA channels can perform transfers to or from odd 
addresses, there is no restriction on values for the 
pointer registers. Higher transfer rates can be ob- 
tained if all word transfers are performed to even 
addresses, since this will allow data to be accessed in 
a single memory access. 

DMA Transfer Count Register 

Each DMA channel maintains a 16-bit transfer 
count register (TC). This register is decremented 
after every DMA cycle, regardless of the state of 
the TC bit in the DMA Control Register. If the TC bit 
in the DMA control word is set or unsynchronized 
transfers are programmed, however, DMA activity 
will terminate when the transfer count register 
reaches zero. 



DMA Requests 

Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be un- 
synchronized; that is, the transfer will take place 
continually until the correct number of transfers has 
occurred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous DMA 
transfer. This allows a complete transfer to take place 
every 2 bus cycles or eight clock cycles (assuming no 
wait states). No prefetching occurs when destination 
synchronization is performed, however. Data will not 
be fetched from the source address until the destina- 
tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is in- 
itiated, another DMA cycle will begin after two pro- 
cessor clocks. This is done to allow the destination 
device time to remove its request if another transfer 
is not desired. Since the DMA controller will relin- 
quish the bus, the CPU can initiate a bus cycle. As a 
result, a complete bus cycle will often be inserted 
between destination synchronized transfers. These 
lead to the maximum DMA transfer rates shown in 
Table 14. 



Table 14. Maximum DMA Transfer Rates 



Type of 
Synchronization 
Selected 


CPU Running 


CPU Halted 


Unsynchronized 
Source Synch 
Destination Synch 


2M Bytes/sec 
2MBytes/sec 
1 .3MBytes/sec 


2 MBytes/sec 
2 MBytes/sec 
1 .5MBytes/sec 



HIGHER 
REGISTER 
ADDRESS 


XXX 


XXX 


XXX 


A19-A16 


LOWER 










REGISTER 


A15-A12 


A11-A8 


A7-A4 


A3-A0 


ADDRESS 











15 0 



Figure 18a. DMA Memory Pointer Register Format 
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DMA Acknowledge 

No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA pointers 
can be programmed to point to the same given block, 
a chip-select line could be used to indicate a DMA 
acknowledge. 

DMA Priority 

The DMA channels may be programmed such that 
one channel is always given priority over the other, or 
they may be programmed such as to alternate cycles 
when both have DMA requests pending. DMA cycles 
always have priority over internal CPU cycles except 
between locked memory accesses or word accesses 
the odd memory locations; however, an external bus 
hold takes priority over an internal DMA cycle. Be- 
cause an interrupt request cannot suspend a DMA 
operation and the CPU cannot access memory dur- 
ing a DMA cycle, interrupt latency time will suffer 
during sequences of continuous DMA cycles. An 
NMI request, however, will cause all internal DMA 
activity to halt. This allows the CPU to quickly 
respond to the NMI request. 

DMA Programming 

DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 



are programmed, a DRQ must also have been 
generated. Therefore, the source and destination 
transfer pointers, and the transfer count register (if 
used) must be programmed before this bit is set. 

Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 

DMA Channels and Reset 

Upon RESET, the DMA channels will perform the 
following actions: 

• The Start/Stop bit for each channel will be reset to 
STOP. 

• Any transfer in progress is aborted. 



TIMERS 

The 80186 provides three internal 16-bit programma- 
ble timers (see Figure 19). Two of these are highly 
flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate non repetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 



TO 

int. 

REQ. 



MAX COUNT VALUE 

A 



MAX COUNT VALUE 
B 



MODE/CONTROL 
WORD 



XL" 



T1 
r** INT. 
REQ. 



MAX COUNT VALUE 
A 



MAX COUNT VALUE 
B 



MODE/CONTROL 
WORD 



XL 



DMA 
- REQ. 

T2 
r*- INT. 
REQ. 



MAX COUNT VALUE 



MODE/CONTROL 
WORD 



INTERNAL ADDRESS/DATA BUS 



XL~ 



ALL 16 BIT REGISTERS 



Figure 19. Timer Block Diagram 
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Timer Operation 

The timers are controlled by 1 1 16-bit registers in the 
internal peripheral control block. The configuration 
of these registers is shown in Table 15. The count 
register contains the current value of the timer. It can 
be read or written at any time independent of 
whether the timer is running or not. The value of this 
register will be incremented for each timer event. 
Each of the timers is equipped with a MAX COUNT 
register, which defines the maximum count the timer 
will reach. After reaching the MAX COUNT register 
value, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate thejr count between two different MAX COUNT 
values programmed by the user. If a single MAX 
COUNT register is used, the timer output pin will 
switch LOW for a single clock, 2 clocks after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 



Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 

The timers have several programmable options. 

• All three timers can be set to halt or continue on a 
terminal count. 

• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external events. 

• The timers may be programmed to cause an inter- 
rupt on terminal count. 

These options are selectable via the timer mode/ 
control word. 

Timer Mode/Control Register 

The mode/control register (see Figure 20) allows the 
user to program the specific mode of operation or 
check the current programmed status for any of the 
three integrated timers. 



Each timer gets serviced every fourth CPU-clock 
cycle, and thus can operate at speeds up to one- 
quarter the internal clock frequency (one-eighth the 
crystal rate). External clocking of the timers may be 
done at up to a rate of one-quarter of the internal 
CPU-clock rate (2 MHz for an 8 MHz CPU clock). Due 
to internal synchronization and pipelining of the 
timer circuitry, a timer output may take up to 6 clocks 
to respond to any individual clock or gate input. 



Table 15. Timer Control Block Format 



Register Name 


Register Offset 


Tmr. 0 


Tmr. 1 


Tmr. 2 


Mode/Control Word 


56H 


5EH 


66H 


Max Count B 


54H 


5CH 


not present 


Max Count A 


52H 


5AH 


62H 


Count Register 


50H 


58H 


60H 



15 


14 


13 


12 


11 


5 


4 


3 


2 


1 


0 


EN 


INH 


INT 


RIU 


0 




MC 


RTG 


P 


EXT 


ALT 


CONT 



Figure 20. Timer Mode/Control Register 
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ALT: 

The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT = 
1, the comparison will alternate between register A 
and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating non- 
repetitive waveforms. Square waves and pulse out- 
puts of any duty cycle are a subset of available 
signals obtained by not changing the final count 
registers. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached: If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). 

CONT: 

Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CONT = 0 and ALT 
=1 , the timer will count to the MAX COUNT register A 
value, reset, count to the register B value, reset, and 
halt. 

EXT: 

The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may be 
asynchronous with respect to the 80186 clock. If this 
bit is set, the timer will count LOW-to-HIGH trans- 
itions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output transi- 
tion latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock 
pulses. 

P: 

The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, the 
timer will count at one-fourth the internal CPU clock 
rate. If the P bit is a one, the output of timer 2 will be 
used as a clock for the timer. Note that the user must 
initialize and start timer 2 to obtain the prescaled 
clock. 

RTG: 

Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. 

If RTG = 0, the input level gates the internal clock on 
and off. If the input pin is HIGH, the timer will count; if 



the input pin is LOW, the timer will hold its value. As 
indicated previously, the input signal may be asyn- 
chronous with respect to the 80186 clock. 

When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 

EN: 

The enable bit provides programmer control over the 
timer's RUN/HALT status. When set, the timer is en- 
abled to increment subject to the input pin con- 
straints in the internal clock mode (discussed 
previously). When cleared, the timer will be inhibited 
from counting. All input pin transitions during the 
time EN is zero will be ignored. If CONT is zero, the 
EN bit is automatically cleared upon maximum 
count. 

INH: 

The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
1 mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 

INT: 

When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will 
still be in force. (The request is latched in the Inter- 
rupt Controller.) 

MC: 

The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in MAX 
COUNT register B is reached. This bit is set regard- 
less of the timer's interrupt-enable bit. The MC bit 
gives the user the ability to monitor timer status 
through software instead of through interrupts. 
Programmer intervention is required to clear this 
bit. 
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RIU: 

The Register In Use bit indicates which MAX COUNT 
register is currently being used for comparison to the 
timer count value. A zero value indicates register A. 
The RIU bit cannot be written, i.e., its value is not 
affected when the control register is written. It is 
always cleared when the ALT bit is zero. 

Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 

ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 

Count Registers 

Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting, the new value 
will take effect in the current count cycle. 

Max Count Registers 

Timers 0 and 1 have two MAX COUNT registers, while 
timer 2 has a single MAX COUNT register. These con-, 
tain the number of events the timer will count. In 
timers 0 and 1, the MAX COUNT register used can 
alternate between the two max count values 
whenever the current maximum count is reached, 
The condition which causes a timer to reset is equiv- 
alent between the current count value and the max 
count being used. This means that if the count is 
changed to be above the max count value, or if the 
max count value is changed to be below the current 
value, the timer will not reset to zero, but rather will 
count to its maximum value, "wrap around" to zero, 
then count until the max count is reached. 

Timers and Reset 

Upon RESET, the Timers will perform the following 
actions: 

• All EN (Enable) bits are reset preventing timer 
counting. 

• All SEL (Select) bits are reset to zero. This selects 
MAX COUNT register A, resulting in the Timer Out 
pins going HIGH upon RESET. 

INTERRUPT CONTROLLER 

The 80186 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 



Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80186 interrupt controller has its own control regis- 
ters that set the mode of operation for the controller. 



The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower 
priority interrupts may themselves be interrupted by 
higher priority interrupts. A block diagram of the 
interrupt controller is shown in Figure 21. 



The interrupt controller has a special iRMX 86 com- 
patibility mode that allows the use of the 80186 
within the iRMX 86 operating system interrupt struc- 
ture. The controller is set in this mode by setting bit 
14 in the peripheral control block relocation register 
(see iRMX 86 Compatibility Mode section). In this 
mode, the internal 80186 interrupt controller func- 
tions as a "slave" controller to an external "master" 
controller. Special initialization software must be in- 
cluded to properly set up the 80186 interrupt control- 
ler in iRMX 86 mode. 



MASTER MODE OPERATION 

Interrupt Controller External Interface 

For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an .interrupt acknowledge line (called the 
"cascade mode") along with two other input lines 
with internally generated interrupt vectors, or as two 
interrupt input lines and two dedicated interrupt ac- 
knowledge ouput lines. When the interrupt lines are 
configured in cascade mode, the 80186 interrupt 
controller will not generate internal interrupt 
vectors. 

External sources in the cascade mode use externally 
generated interrupt vec tors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80186 on the second cycle. The 
capability to interface to external 8259A program- 
mable interrupt controllers is thus provided when the 
inputs are configured in cascade mode. 
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Interrupt Controller Modes of Operation 

The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 8259A. 
The interrupt controller responds identically to inter- 
nal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTO and INT1 control registers. The 
modes of interrupt controller operation are as 
follows: 

Fully Nested Mode 

When in the fully nested mode four pins are used as 
direct interrupt requests. The vectors for these four 
inputs are generated internally. An in-service bit is 
provided for every interrupt source, if a lower-priority 
device requests an interrupt while the in-service bit 
(IS) is set, no interrupt will be generated by the inter- 
rupt controller. In addition, if another interrupt re- 
quest occurs from the same interrupt source while 
the inservice bit is set, no interrupt will be generated 
by the interrupt controller. This allows interrupt ser- 
vice routines to operate with interrupts enabled with- 
out being themselves interrupted by lower-priority 
interrupts. Since interrupts are enabled, higher- 
priority interrupts will be serviced. 

When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 
mand is issued at the end of the service routine just 



before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit 
set is then serviced. 



Cascade Mode 

The 80186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the four 
pins are used as direct interrupt inputs and the cor- 
responding vectors are generated internally. In the 
cascade mode, the four pins are configured into in- 
terrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 22. INTO is an 
inter rupt i nput interfaced to an 8259A, while 
INT2/INTA0 serves as the dedicated interrupt ac- 
knowledge signal to tha t peripheral. The same is true 
for INT1 and INT3/INTA1 . Each pair can selectively be 
placed in the cascade or non-cascade mode by pro- 
gramming the proper value into INTO and INT1 con- 
trol registers. The use of the dedicated acknowledge 
signals eliminate s the need for the use of external 
logic to generate INTA and device select signals. 

The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority 
resolution in the 80188 interrupt controller, the mas- 
ter 8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is com- 
pleted, up to three end-of-interrupt commands must 
be issued by the programmer. 



TIMER TIMER TIMER DMA DMA 

0 12 0 1 INJO INT1 INT2 INT3 NMI 



TIMER 
CONTROL REG. 



DMA 0 
CONTROL REG. 



DMA 1 
CONTROL REG. 



EXT. INPUT 0 
CONTROL REG. 



EXT. INPUT 1 
CONTROL REG. 



EXT. INPUT 2 
CONTROL REG. 



EXT. INPUT 3 
CONTROL REG. 



I 



□ 





INTERRUPT 


-> 


PRIORITY 




RESOLVER 



INTERRUPT 
REQUEST TO 
PROCESSOR 



INTERRUPT 
REQUEST REG. 



INTERRUPT 
MASK REG. 



IN-SERVICE 
REG. 



PRIOR. LEV. 
MASK REG. 



INTERRUPT 
STATUS REG. 



VECTOR 
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INTERNAL ADDRESS/DATA BUS 
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Figure 21. Interrupt Controller Block Diagram 
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Special Fully Nested Mode 

This mqde is entered by setting the SFNM bit in INTO 
or INT1 control register. It enables complete nestabil- 
ity with external 8259A masters. Normally, an inter- 
rupt request from an interrupt source will not be 
recognized unless the in-service bit for that source is 
reset. If more than one interrupt source is connected 
to an external interrupt controller, all of the interrupts 
will be tunneled through the same 80186 interrupt 
request pin. As a result, if the external interrupt con- 
troller receives a higher-priority interrupt, its inter- 
rupt will not be recognized by the 80186 controller 
until the 80186 in-service bit is reset. In special fully 
nested mode, the 80186, interrupt controller will allow 
interrupts from an external pin regardless of the 
state of the in-service bit for an interrupt source in 
order to allow multiple interrupts from a single pin. 
An in-service bit will continue to be set, however, to 
inhibit interrupts from other lower-priority 80186 in- 
terrupt sources. 

Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master's IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80186 remains active and 
the next interrupt service routine is entered. 



Operation in a Polled Environment 

The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the inter- 
rupt controller is accomplished by reading the Poll 
Word (Figure 31). Bit 15 in the poll word indicates 
to the processor that an interrupt of high enough 
priority is requesting service. Bits 0-4 indicate to 
the processor the type vector of the highest- 
priority source requesting service. Reading the 
Poll Word causes the In-Service bit of the highest- 
priority source to be set. 

It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80186 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are lo- 
cated in two adjacent memory locations in the regis- 
ter file. 



Master Mode Features 

Programmable Priority 

The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7)* in the 
control register of each interrupt source. (A source 
with a priority level of 4 has higher priority over all 
priority levels from 5 to 7. Priority registers contain- 
ing values lower than 4 have greater priority.) All 
interrupt sources have preprogrammed default 
priority levels (see Table 4). 

If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 



End-of-lnterrupt Command 

The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the 

interrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 



Trigger Mode 

The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, the 
interrupt request must remain active (HIGH) until the 
interrupt request is acknowledged by the 80186 CPU. 
In the edge-sense mode, if the level remains high 
after the interrupt is acknowledged, the input is dis- 
abled and no further requests will be generated. The 
input level must go LOW for at least one clock cycle to 
reenablethe input. In the level-trigger mode, no such 
provision is made: holding the interrupt input HIGH 
will cause continuous interrupt requests. 
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Interrupt Vectoring 

The 80186 Interrupt Controller will generate inter- 
rupt vectors for the integrated DMA channels and 
the integrated Timers. In addition, the Interrupt Con- 
troller will generate interrupt vectors for the external 
interrupt lines if they are not configured in Cascade 
or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see 
table 4). 

Interrupt Controller Registers 

The Interrupt Controller register model is shown in 
Figure 23. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 

In-Service Register 

This register can be read from or written into. The 
format is shown in Figure 24. It contains the In- 
Service bit for each of the interrupt sources. The 
In-Service bit is set to indicate that a source's service 
routine is in progress. When an In-Service bit is set, 
the interrupt controller will not generate interrupts to 
the CPU when it receives interrupt requests from 
devices with a lower programmed priority level. The 
TMR bit is the In-Service bit for all three timers; the 
DO and D1 bits are the In-Service bits for the two DMA 
channels; the I0-I3 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 



Interrupt Request Register 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 24. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and D1 
are the interrupt request bits for the DMA channels. 

the state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when , the processor acknowledges the 
requests. 



Mask Register 

This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 24. A one in a bit position corres- 
ponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the individ- 
ual control registers; programming a mask bit using 
the mask register will also change this bit in the 
individual control registers, and vice versa. 




Figure 22. Cascade Mode Interrupt Connection 
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Figure 23. Interrupt Controller Registers 
(Non-iRMX 86 Mode) 



Priority Mask Register 

This register is used to mask all interrupts below 
particular interrupt priority levels. The format of this 
register is shown in Figure 25. The code in the lower 
three bits of this register inhibits interrupts of 
priority lower (a higher priority number) than the 
code specified. For example, 100 written into this 
register masks interrupts of level five (101), six (110), 
and seven (111). The register is reset to seven (111) 
upon RESET so all interrupts are unmasked. 

Interrupt Status Register 

This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 26. The bits in the status register 
have the following functions: 

DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set 
whenever a non-maskable interrupt occurs, 
and it is reset when an I RET instruction is 
executed. The purpose of this bit is to allow 
prompt service of all non-maskable inter- 
rupts. This bit may also be set by the CPU. 

IRTx: These three bits represent the individual 
timer interrupt request bits. These bits are 
used to differentiate the timer interrupts, 
since the timer IR bit in the interrupt re- 
quest register is the "OR" function of all 
timer interrupt requests. Note that setting 
any one of these three bits initiates an inter- 
rupt request to the interrupt controller. 
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Figure 24. In-Service, Interrupt Request, and Mask Register Formats 
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Figure 25. Priority Mask Register Format 
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Figure 26. Interrupt Status Register Format 
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Timer, DMA 0, 1 ; Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format for these registers 
is shown in Figure 27. The three bit positions PRO, 
PR1 , and PR2 represent the programmable priority 
level of the interrupt source. The MSK bit inhibits 
interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 

INT0-INT3 Control Registers 

These registers are the control words for the four 
external input pins. Figure 28 shows the format of the 
INTO and 1NT1 Control registers; Figure 29 shows the 
format of the INT2 and INT3 Control registers. In 
cascade mode or special fully nested mode, the con- 
trol words for INT2 and INT3 are not used. 

The bits in the various control registers are encoded 
as follows: 

PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority = 111 

LTM: Level-trigger mode bit. 1 = level-triggered; 
0 = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 



15 14 

I o I o I 



level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 



MSK: Mask bit, 1 = mask; 0 = nonmask. 



C: Cascade mode bit, 1 = cascade; 0 = direct 



SFNM: Special fully nested mode bit, 1 = SFNM 



EOI Register 

The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOI 
command when written to by the 80186 CPU. 

The bits in the EOI register are encoded as follows: 

Sx: Encoded information that specifies an in- 
terrupt source vector type as shown in 
Table 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. Note that to reset the single 
In-Service bit for any of the three timers, the 
vector type for timer 0 (8) should be written 
in this register. 



4 3 2 1 0 
| 0 I MSK I PR2 I PR1 | PRO | 



Figure 27. Timer/DMA Control Register Formats 
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Figure 28. INT0/INT1 Control Register Formats 
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Figure 29. INT2/INT3 Control Register Formats 
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NSPEC/: A bit that determines the type of EOI com- 
SPEC mand. Nonspecific = 1, Specific = 0. 

Poll and Poll Status Registers 

These registers contain polling information. The for- 
mat of these registers is shown in Figure 31 . They can 
only be read. Reading the Poll register constitutes a 
software poll. This will set the IS bit of the highest 
priority pending interrupt. Reading the poll status 
register will not set the IS bit of the highest priority 
pending interrupt; only the status of pending inter- 
rupts will be provided. 

Encoding of the Poll and Poll Status register bits are 
as follows: 

S*: Encoded information that indicates the 
vector type of the highest priority interrupt- 
ing source. Valid only when INTREQ = 1. 

INTREQ:This bit determines if an interrupt request is 
present. Interrupt Request = 1 ; no Interrupt 
Request = 0. 

iRMX 86 COMPATIBILITY MODE 

this mode allows iRMX 86-80186 compatibility. The 
interrupt model of iRMX 86 requires one master and 
multiple slave 8259As in cascaded fashion. When 
iRMX mode is used, the internal 80186 interrupt con- 
troller will be used as a slave controller to an external 
master interrupt controller. The internal 80186 re- 
sources will be monitored through the internal inter- 
rupt controller, while the external controller 
functions as the system master interrupt controller. 

Upon reset, the 80186 interrupt controller will be in 
the non-iRMX 86 mode of operation. To set the con- 
troller in the iRMX 86 mode, bit 14 of the Relocation 
Register should be set. 



Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external 
inputs. There are however, enough 80186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 

The iRMX 86 operating system requires peripherals 
to be assigned fixed priority levels. This is incom- 
patible with the normal operation of the 80186 inter- 
rupt controller. Therefore, the initialization software 
must program the proper priority levels for each 
source. The required priority levels for the internal 
interrupt sources in iRMX mode are shown in Table 
16. 



Table 16. Internal Source Priority Level 



Priority Level 


Interrupt Source 


0 


Timer 0 


1 


(reserved) 


2 


DMA 0 


3 


DMA 1 


4 


Timer 1 


5 


Timer 2 



These level assignments must remain fixed in the 
iRMX 86 mode of operation. 

iRMX 86 Mode External Interface 

The configuration of the 80186 with respect to an 
external 8259 A master is shown in Figure 32. The 
INTO input is used as the 80186 CPU interrupt input. 
INT3 functions as an output to send the 80186 slave- 
interrupt-request to one of the 8 master-PIC-inputs. 
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Figure 30. EOI Register Format 
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Figure 31. Poll Register Format 
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Figure 32. iRMX 86 Interrupt Controller Interconnection 



Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do this 
internally. Because of pin limitations, the 801 86 sla ve 
address will have to be decoded externally. INT1 is 
used as a slave-select input. Note that the slave vec- 
tor address is transferred internally, but the READY 
input must be supplied externally. 

INT2 is u sed a s an acknowledge output, suitable to 
drive the INTA input of an 8259A. 

Interrupt Nesting 

iRMX 86 mode operation allows nesting of interrupt 
requests. When an interrupt is acknowledged, the 
priority logic masks off all priority levels except 
those with equal or higher priority. 

Vector Generation in the iRMX 86 Mode 

Vector generation in iRMX mode is exactly like that of 
anB259A slave. The interrupt controller generates an 
8-bit vector which the CPU multiplies by four and 
uses as an address into a vector table. The significant 
five bits of the vector are user-programmable while 
the lower three bits are generated by the priority 
logic. These bits represent the encoding of the 
priority level requesting service. The significant five 
bits of the vector are programmed by writing to the 
Interrupt Vector register at offset 20H. 



Specific End-of-lnterrupt 

In iRMX mode the specific EOI command operates to 
reset an in-service bit of a specific priority. The user 
supplies a 3-bit priority-level value that points to an 
in-service bit to be reset. The command is executed 
by writing the correct value in the Specific EOI regis- 
ter at offset 22H. 

Interrupt Controller Registers 
in the iRMX 86 Mode 

All control and command registers are located inside 
the internal peripheral control block. Figure 33 
shows the offsets of these registers. 

End-of-lnterrupt Register 

The end-of-interrupt register is a cdmmand register 
which can only be written. The format of this register 
is shown in Figure 34. It initiates an EOI command 
when written by the 80186 CPU. 

The bits in the EOI register are encoded as follows: 

L x - Encoded value indicating the priority of the 
IS bit to be reset. 

In-Service Register 

This register can be read from or written into. It 
contains the in-service bit for each of the internal 
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interrupt sources. The format for this register is 
shown in Figure 35. Bit positions 2 and 3 correspond 
to the DMA channels; positions 0, 4, and 5 corre- 
spond to the integral timers. The source's IS bit is set 
when the processor acknowledges its interrupt re- 
quest. 

Interrupt Request Register 

This register indicates, which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 35. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. 

Mask Register 

This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 35. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are 
exactly the same bits which are used in the individual 
control registers, i.e., changing tFie state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 



Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format of these registers is 
shown in Figure 36. Each of the timers and both of 
the DMA channels have their own Control Register. 

The bits of the Control Registers are encoded as 
follows: 



pr x : 3-bit encoded field indicating a priority level 
for the source; note that each source must 
be programmed at specified levels. 

msk: mask bit for the priority level indicated by pr x 
bits. 
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Figure 33. Interrupt Controller Registers 
(iRMX 86 Mode) 
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Figure 34. Specific EOI Register Format 
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Figure 35. In-Service, Interrupt Request, and Mask Register Format 
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Interrupt Controller and Reset 

Upon RESET, the interrupt controller will perform the 
following actions: 

• All SFNM bits reset to 0, implying Fully Nested 
Mode. 

• All PR bits in the various control registers set to 1 . 
This places all sources at lowest priority (level 
111). 

• All LTM bits reset to 0, resulting in edge-sense 
mode. 

• All Interrupt Service bits reset to 0. 

• All Interrupt Request bits reset to 0. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to 0 (non-cascade). 

• AH PRM (Priority Mask) bits set to 1, implying no 
levels masked. 

• Initialized to non-iRMX 86 mode. 
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Figure 36. Control Word Format 
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Figure 37. Interrupt Vector Register Format 



Interrupt Vector Register 

This register provides the upper fiye bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 37. The interrupt controller itself ^ 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 

The format of the bits in this register is: 
t x ; 5-bit field indicating the upper five bits of the 
vector address. 

Priority-Level Mask Register 

This register indicates the lowest priority-level inter- 
rupt which will be serviced. 
The encoding of the bits in this register is: 
m x ; 3-bit encoded field indication priority-level 

value. All levels of lower priority will be 

masked. 

Interrupt Status Register 

This register is defined exactly as in Non-iRMX 
Mode. (See Fig. 26.) 
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Figure 38. Priority Level Mask Register 
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Figure 39. Typical IAPX 186 Computer 
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Figure 40. Typical iAPX 186 Multi-Master Bus Interface 

3-394 



AFN-02217C 



irrtef 



IAPX186 



PACKAGE 

The 80186 is housed in a 68-pin, leadless JEDECtype 
A hermetic chip carrier. Figure 41 illustrates the 
package dimensions. 



NOTE: The IDT 3M Textool 68-pin JEDEC Socket 
is required for l 2 ICE™-186 operation Sefe Figure 
42 for details. 
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Figure 41. 80186 JEDEC Type A Package 
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NOTE: Physical dimensions shown are for reference only. Please consult 3M Textool for complete information on the socket. 



Figure 42. Textool 68 Lead Chip Carrier Socket 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0V to +7V 

Power Dissipation 3 Watt 



'NOTICE: Stresses above those listed under 
"Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



D.C. CHARACTERISTICS (T A = 0°-70°C, V CC = 5V ±10%) 
Applicable to 80186 (8 MHz) and 80186-6 (6 MHz) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 




Input Low Voltage 


-0.5 


+ 0.8 


Volts 




V| H 


Input High Voltage 

(All except X1 and (RES) 


2.0 


V cc + 0.5 


Volts 




V.H1 


Input High Voltage (EES) 




Vcc + 0.5 


Volts 




Vol 


Output Low Voltage 


3.0 


0.45 


Volts 


l a = 2.5 mA for 

\ a = 2.0 mA for all other outputs 


Vqh 


Output High Voltage 




2.4 


Volts 


l oa - -400 mA 


•cc 


Power Supply Current 




550 
450 


mA 


Max measured at T A = 0°C 
T A = 70*C 


lu 


Input Leakage Current 




±10 


M A 


ov<v IN <v cc 


Ilo 


Output Leakage Current 




±10 




0.45V <V 0UT < V cc 


VCLO 


Clock Output Low 




0.6 


Volts 


l a = 4.0 mA 


VcHO 


Clock Output High 


4.0 




Volts 


l oa =-200 M A 


VCL. 


Clock Input Low Voltage 


-0.5 


0.6 


Volts 




V C H. 


Clock Input High Voltage 


3.9 


Vcc + N 1.0 


Volts 






Input Capacitance 




10 


PF 




Cio 


I/O Capacitance 




20 


PF 





PIN TIMINGS 

A.C. CHARACTERISTICS (T A = 0°-70°C, V CC = 5V ± 1 0%) 

80186 Timing Requirements All Timings Measured At 1.5 Volts Unless Otherwise Noted. 
Applicable to 80186 (8 MHz) and 80186-6 (6 MHz) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TDVCL 


Data in Setup (AID) 


20 




ns 




TCLDX 


Data in Hold (A/D) 


10 




ns 




TARYHCH 


Asynchronous Ready 
(AREADY) active setup 
time* 


20 




ns / 




TARYLCL 


AREADY inactive setup 
time 


35 




ns 




TCHARYX 


AREADY hold time 


15 




ns 




TSRYCL 


Synchronous Ready 
(SREADY) transition setup 
time 


35 




ns 




TCLSRY 


SREADY transition hold 
time 


15 




ns 




THVCL 


HOLD Setup* 


25 




ns 




TINVCH 


INTR, NMI, TEST, TIMERIN, 
Setup* 


25 




ns 




TINVCL 


DRQ0, DRQ1, Setup* 


25 




ns 





*To guarantee recognition at next clock. 
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A.C. CHARACTERISTICS (Continued): 



80186 Master Interface Timing Responses 







80188 (8 MHz) 


80188-6(6 MHz) 






Symbol 


Parameters 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


TcLAV 


Address Valid Delay 


5 


44 


5 


63 


ns 


C L = 20-200 pF all outputs 


TCLAX 


Address Hold 


10 




10 




ns 




TcLAZ 


Address Float Delay 


TqlAX 


35 


TcLAX 


44 


ns 




Tchcz 


Command Lines Float Delay 




45 




56 


ns 




T"CHCV 


Command Lines Valid Delay 
(after float) 




55 




76 


ns 




T LHLL 


ALE Width 


T CLCL-35 




T CLCL-35 




ns 




TcHLH 


ALE Active Delay 




35 




44 


ns 




T CHLL 


ALE Inactive Delay 




35 




44 


ns 




T LLAX , , 


Address Hold to ALE Inactive 


"^CHCL-25 




TcHCL-30 




ns 




T CLDV 


Data Valid Delay 


10 


44 


10 


55 


ns 




T CLDOX 


Data Hold Time 


10 




10 




ns 




TyVHDX 


Data Hold after WR 


TcLCL-40 




TcLCL-50 




ns 




T CVCTV 


Control Active Delay 1 


5 


70 


5 


87 


ns 




"•"CHCTV 


Control Active Delay 2 


10 


55 


10 


76 


ns 




"•"CVCTX 


Control Inactive Delay 


5 


55 


5 


76 


ns 




^CVDEX 


DEN Inactive Delay 
(Non-Wnte Cycle) 




70 




87 


ns 




T AZRL 


Address Float to RD Active 


0 




0 




ns 




T CLRL 


RD Active Delay 


10 


70 


10 


87 


ns 




T CLRH 


RD Inactive Delay 


10 


55 


10 


76 


ns 




Trhav 


RD Inactive to Address Active 


TcLCL-40 




T CLCL-50 




ns 




T CLHAV 


HLDA Valid Delay 


10 


50 


10 


67 


ns 




Trlrh 


RD Width 


2T CLCL-50 




2T CLCL-50 




ns 




^VVLWH 


WR Width ; 


2T CLCL-40 




2T CLCL-40 




ns 




"WaL 


Address Valid to ALE Low 


TcLCH-25 




T CLCH-45 




ns 




Tchsv 


Status Active Delay 


10 


55 


10 


76 


ns 




T CLSH 


Status Inactive Delay 


10 


55 


10 


76 


ns 




TCLTMV 


Timer Output Delay 




60 




75 


ns 


1 00 pF max 


T CLRO 


Reset Delay 




60 




75 


ns 




T CHQSV 


Queue Status Delay 




35 




44 


ns 




80186 Chip-Select Timing Responses 


Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


T CLCSV 


Chip-Select Active Delay 




66 




80 • 


ns 




Tcxcsx 


Chip-Selct Hold from 
Command Inactive 


35 




35 




ns 




TcHCSX 


Chip-Select Inactive Delay 


5 


35 


5 


47 


ns 
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A.C. CHARACTERISTICS (Continued) 
80186 CLKIN Requirements 





80186 (8 MHz) 


80186-6 (6 MHz) 




Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


TCKIN 


CLKIN Period 


62.5 


250 


83 


250 


ns 




TCKHL 


CLKIN Fall Time 




10 




10 


ns 


3.5 to 1.0 volts 


TCKLH 


CLKIN Rise Time 




10 




10 


ns 


1.0 to 3.5 volts 


TCLCK 


CLKIN Low Time 


25 




33 




ns 


1.5 volts 


TCHCK 


CLKIN High Time 


25 




33 




ns 


1.5 volts 


80186 CLKOUT Timing (200 pF load 


) 


Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


TCICO 


CLKIN to CLKOUT Skew 




50 




62.5 


ns 




TCLCL 


CLKOUT Period 


125 


500 


167 


500 


ns 




TCLCH 


CLKOUT Low Time 


1/2 TCLCL-7.5 




V 2 TCLCL-7.5 




ns 


1.5 volts 


TCHCL 


CLKOUT High Time 


V2 TCLCL-75 




1/2 TCLCL-7.5 




ns 


1.5 volts 


TCH1CH2 


CLKOUT Rise Time 




15 


I 


15 


ns 


1.0 to 3.5 volts 


TCL2CL1 


CLKOUT Fall Time 




15 




15 


ns 


3.5 to 1. volts 
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(Pl^IlLOIMlDKlAW 



WAVEFORMS 



MAJOR CYCLE TIMING 



V CH 



Ti 

-TCLCL- 



T3 Tw 



TCHSV 



TCLAV 



WRITE CYCLE 



RD, INTA, 
DT/R = V 0H 



BHE/S 7 , 
A 19 /S6-A 16 /S3 



AD 15 -ADo 



TCLAV - 



DEN 



AD 15 -AD 0 



DT/R 



TCVCTV- 



RD,WR, = Vqh 
Bffll = Vol 



SOFTWARE HALT—DEN =V 0L , 
RD, WR, INTA, DT/R = V 0H 



PCSj TCLAV - 

MCS 

LCSi 
MCS 



JC5 



X 



«*-TCL2CL1 j ' 



-«-TAVAL*> ^ 



TCLDV 
«*- TCLAX 



X 



X 



/(NOTE 3~) 7" ^V. 




J 



-*-/ TCVCTX ~ 



> 



X 



INVALID ADDRESS 



TCHCSX- 
TCXCSX - 



^ _TCHCZ 
NOTE 1 



TWHDX 

.C 



FLOAT 

TCHCTV 



C 
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WAVEFORMS (Continued) 



MAJOR CYCLE TIMING (Continued) 



CLKOUT 



Ti T 2 T 3 T w T 4 

<* TCLCL ► -*-TCH1CHZ / 

V CN TCH1CH2 f_ 

V CL TCHCL ' ^ ' ~TCLSH _ TCLCH ^ 

' (Note 3) 



TCHSV 
TCLAV-H 



BHE/S7,A19/S6-A16/S3 



WR, INTA = V 0H 



AD 15 -ADo 



DT/R 



BHEA 19 



'"V )( 



TCHLL-^J 



TLLAX — a 
«— TAVAL- 



A15-A0 



DEN 

pes; 

MCS 
LCS, 
MCS 



TCHCTV TCLRL 




S7-S3 




TCLRH-*. 



TCVDEX 



c 



TCHCSX 
TCXCSX 



NOTES. 

1. Following a Write cycle, the Local Bus is floated by the 80186 only when the 
80186 enters a "Hold Acknowledge" state. 

2 INTA occurs one clock later in RMX-mode. 

3 Status inactive just prior to T 4 



\ 
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WAVEFORMS (Continued) 
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WAVEFORMS (Continued) 



HOLD-HLDA TIMING 



J 



f 



TARYHCH - 



-TCHARYX 



I 



I 



\r~ 



DEN • 



A19/S6-A16/S3, - 



RD, WR, 80186 

BHE, r- 

JDT/R, 
S2-S0 



*«-TCLHAV 

f 



T 4 



k::: 
c 



-2 6_ 



r 
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WAVEFORMS (Continued) 



TIMER ON 80186 





80186 INSTRUCTION TIMINGS 

The following instruction timings represent the mini- 
mum execution time in clock cycles for each instruc- 
tion. The timings given are based on the following 
assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDS occur. 



• All word-data is located on even-address 
boundaries. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory reference can 
require one (and in some cases, twd) additional 
clocks above the minimum timings shown. This is 
due to the asynchronous nature of the handshake 
between the BIU and the Execution unit. 
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INSTRUCTION SET SUMMARY 



FUNCTION 


FORMAT 






Clock 
Cycles 


Comments 


DATA TRANSFER 

umi *■ 

MUV = Move. 












Ronictortn Qomctor/Momnru 
ncyioitsi iu neyiMci/iviciiiuiy 


li ft n o 1 n d m/ I 


iiiuu icy i/iii 1 




9/19 




R6Qist6i7ffi6mory to rcQistcr 


|1 0 0 0 1 0 1 w | 


mod reg r/m | 




2/9 




Immediate to register/memory 


|1 1 0 0 0 1 1 w | 


mod 000 r/m j 


data | data if w = 1 | 


12-13 


8/16-bit 


Immediate to register 


1 1 u 1 1 w reg | 


data | 


data if w = 1 | 


O A 
O— 4 


8/16-bit 


Memory to accumulator 


|1 0 1 0 0 0 0 w | 


addr-low j 


addr-high | 


9 




Accumulator to memory 


|1 0 1 0 0 0 1 w | 


addr-low | 


addr-high | 


8 




Register/memory to segment register 


|1 0 0 0 1 1 1 0 | 


mod 0 reg r/m | 




2/9 




Segment register to register/memory 


|1 0 0 0 1 1 0 0 | 


mod 0 reg r/m j 




2/11 




PI KM — Pilch- 
ruon — man. 












Memory 


|1 1 1 1 1 1 1 1 | 


modi 10 r/m | 




16 




Register 


{01010 reg | 






10 




Segment register 


[0 0 0 reg 1 1 0 | 






9 












•\ ^ 10 ^ ' * 






'-ft 






r--; 00 . 




POP = Pop: 












Memory 


|1 0 0 0 1 1 1 1 | 


modOOO r/m | 




20 




Register 


|0 1 0 1 1 reg | 






10 




Segment register 


|0 0 0 reg 1 1 1 | 


(reg *01) 




8 








■■■■■ 




51 




Yf!Hft — FvrhannP' 

AuflU — CAVflaliyc. 












Register/memory with register 


j 1 0 0 0 0 1 1 w | 


mod reg r/m J 




4/17 




Register with accumulator 


110 0 10 reg I 






3 




IN = Input from: 












PiYori nnrt 


H 1 1 0 0 1 0 w I 

II 1 1 U U 1 U W 1 


, 

port I 




10 




Val laUfv }JUI I 


H i 1 n 1 1 n wl 

II I I U I 1 U W 1 






8 




OUT = Output to: 












Fixed port 


|1 1 1 0 0 1 1 w | 


port J 




g 




Variable port 


|1 1 1 0 1 1 1 w | 






7 




XLAT= Translate byte to AL 


|1 10 10 11 1 | 






11 




LEA = Load EA to register 


|1 0 0 0 1 1 0 1 | 


mod reg r/m | 




6 




LDS = Load pointer to OS 


|1 1 0 0 0 1 0 1| 


mod reg r/m • j 


(mod * 11) 


18 




LES = Load pointer to ES 


|1 1 0 0 0 1 0 0| 


mod reg r/m | 


(mod * 11) 


18 




LAHF = Load AH with flags 


|1 0 0 1 1 1 1 1 | 






2 




SAHF = Store AH into flags 


|1 0 0 1 1 1 1 0 | 






3 




PUSHF = Push flags 


|1 0 0 1 1 1 0 0| 






9 




POPF = Pop flags 


|1 0 0 1 1 1 0 1 | 






8 




SEGMENT = Segment Override: 












CS 
SS 


| 0 0 1 0 1 1 1 0 | 
j 0 0 1 1 0 1 1 0 | 






CM CM 




OS 


|0 0 1 1 1 1 1 0 | 






2 




ES 


| 0 0 1 0 0 1 1 0 | 






2 





Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 








Clock 
Cycles 


Comments 


ARITHMETIC 
ADD = Add: 
















Reg/memory with register to either 


|0 0 0 0 0 0 d w | 


mod reg 


r/m | 




3/10 






Immprliatp tn rpnictpr/mpmriA/ 
iiiimcuicuc lu icyioici/iiiciiiuiy 


|1 fjOOOOsw] 


mod 000 


r/m | 


data | data if s w = 01 | 


4/16 






Immediate to accumulator 


|0 0 0 0 0 1 0 w | 


data 


| 


data if w = 1 | 


3/4 




8/16-bit 


Af)P — Arid with earn/* 
nUv — Hull Willi Uafij. 
















Reg/memory with register to either 


jO 0 0 1 0 0 d w j 


mod reg 


r/m j 




3/10 






Immediate to register/memory 


|1 00000sw| 


mod 0 1 0 


r/m | 


data | data if s w = 01 j 


4/16 






IIIIIIIGUIalG IU ai*l<UlllUldlUI 


In n n 1 n 1 n * 1 

1 U U U 1 U 1 U W I 


data 


J 
1 


riata if \u = 1 I 
uaia ii w i i 


3/4 




8/16-bit 


IMP — Imtromanftv 
INI* — IIIUIBIlltJIIl. 
















Register/memory 


|1 1 1 1 1 1 1 w | 


mod 0 0 0 


r/m | 




3/15 






Register 


1 0 1 0 0 0 reg | 








3 






SUB = Subtract: 
















Reg/memory and register to either 


|0 0 1 0 1 0 d w | 


mod reg 


r/m | 




3/10 






Immediate from register/memory 


jl 0 0' 0 0 0 s w | 


mod 1 0 1 


r/m - 1 


data | data if s w = 0 1 | 


4/16 






Immediate from accumulator 


In n 1 n 1 1 n * 1 




1 
I 


Hata if \a/ — 1 I 
Uald II W — I | 


3/4 




8/16-bit 


QRR — Qnhtrart with hfirrntif* 
ODD — OUUllavl Willi UlfllUW. 
















Reg/memory and register to either 


|0 0 0 1 1 0 d w | 


mod reg 


r/m | 




3/10 






Immediate from register/memory 


Jl 0 0 0 0 0 s w | 


mod 0 1 1 


r/m | 


data | data if s w = 0 1 | 


4/16 






Immediate from accumulator 


|0 0 0 1 1 1 0 w | 


data 


1 

1 


data if w = 1 | 


3/4 




8/16-bit 


DEC = Decrement: 
















Register/memory 


1 1 1 1 1 1 1 1 w I 


mod 0 0 1 


r/m 1 

r/m 1 




3/15 






Register 


In i n n 1 ran I 

I u i u u i reg | 








3 






CMP = Compare: 
















Register/memory with register 


1 0 0 1 1 1 0 1 w I 


mod reg 


r/m | 




3/10 






Register with register/memory 


|0 0 1 1 1 0 0 w | 


mod reg 


r/m | 




3/10 






Immediate with register/memory 


|"1 00000sw| 


mod 1 1 1 




data j data if s w = 0 1 | 


3/10 






Immediate with accumulator 


|0 0 1 1 1 1 0 w| 


data 


1 


> data if w = 1 | 


3/4 




8/16-bit 


NEG = Change sign 


|1 1 1 1 0 1 1 w | 


mod 0 1 1 


r/m | 




3 






AAA = ASCII adjust for add 


|0 0 1 10 11 1 | 








8 






DAA = Decimal adjust for add 


|0 0 1 0 0 1 1 1 | 








4 






AAS = ASCII adjust for subtract 


1 0 0 1 1 1 1 1 1 | 








7 






DAS = Decimal adjust for subtract 


(00101 11 1 | 








A 
*t 






MUL = Multiply (unsigned) 


|1 1 1 1 0 1 1 w | 


mod 1 0 0 


r/m | 










Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 










26-28 
35-37 
32-34 
41-43 






IMUL = Integer multiply (signed) 


|1 1 1 1 0 1 1 w | 


mod 1 0 1 


r/m | 










Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 










25-28 
34-37 
31-34 
40-43 






IMUl » integer immediate multiply 
(signed) 


[01101 Os 1 | 




r/m | 


data | dataif$»0 | 


22-25/29-3 
















DIV = Divide (unsigned) 


|1 11 10 11 w | 


mod 1 1 0 r/m | 




' 29 
38 
35 
44 






Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 















Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 















Clock 




FUNCTION FORMAT 










Cycles 


Comments 


ARITHMETIC (Continued): 
















IDIV = Integer divide (signed) 


1 1 1 1 0 1 1 w 


mod 1 1 1 r/m 


I 






44-52 




Register-Byte 














Register-Word 












53-61 




Memory^Byte 












50-58 




Memory-Word 












59-67 




AAM = ASCII adjust for multiply 


1 10 10 10 0 


0 0 0 0 1 0 1 01 






19 




AAD = ASCII adjust for divide 


1 10 10 10 1 


0 0 0 0 1 0 1 ( 


»l 






15 




CBW = Convert byte to word 


1 0 0 110 0 0 










_ 
2 




CWD = Convert word to double word 


10 0 110 0 1 










4 




LOGIC 
















Shift/Rotate Instructions. 
















Register/Memory,by 1 


1 1 0 1 0 0 0 w 


mod TTT r/m 


I 






2/15 




Register/Memory by CL 


1 1 0 1 0 0 1 w 


mod TTT r/m 


I 






5+n/17 + n 






WddTTTrw f 


count 




5+n/17+n 








TTT Inst 

0 0 0 


ructio 

ROL 


n 












0 0 1 


R0R 














0 1 0 


RCL 














0 1 1 


RCR 














1 0 0 SHL/SAL 












1 0 1 


SHR 














1 1 1 


SAR 










AND = And: 
















Reg/memory and register to either 


0 0 1 0 0 0 d w 


mod reg r/m 


I 






3/10 




Immediate to register/memory 


1 0 0 0 0 0 0 w 


mod 1 0 0 r/m 


I 


data 


| r data if w = 1 j 


4/16 




Immediate to accumulator 


0 0 1 0 0 1 0 w 


data 


i 


data if w = 1 




3/4 


8/16-bit 


TEST = And function to (lags, no result: 
















Register/memory and register 


1 0 0 0 0 1 0 w 


mod reg r/m 


I 






3/10 




Immediate data and register/memory 


1 1 1 1 0 1 1 w 


mod 0 0 0 r/m 


I 


data 


| data if w = 1 | 


4/10 




Immediate data and accumulator 


1 0 1 0 1 0 0 w 


data 


I 


data tf w = 1 




3/4 


8/16-bit 


0R = 0r: 
















Reg/memory and register to either 


0 0 0 0 1 0 d w 


mod reg r/m 


I 






3/10 




Immediate to register/memory 


1 0 0 0 0 0 0 w 


mod 0 0 1 r/m 


I 


data 


I i 
1 data if w = 1 j 


4/16 




Immediate to accumulator 


0 0 0 0 1 1 0 w 


data 


I 


data if w = 1 




3/4 


8/1 6-bit 


XOR = Exclusive or: 
















Reg/memory and register to either 


0 0 1 1 0 0 d w 


mod reg r/m 


I 






3/10 




Immediate to register/memory , 


1 0 0 0 0 0 0 w 


mod 110 r/m 


I 


data 


| data if w = 1 | 


4/16 




Immediate to accumulator 


0 0 1 1 0 1 0 w 


data 


I 


data if w = 1 




3/4 


8/16-bit 


NOT= Invert register/memory 


1 1 1 1 0 1 1 w 


mod 0 1 0 r/m 


I 






3 




STRING MANIPULATION: 
















MOVS-Move byte/word 


1 0 1 0 0 1 0 w 










14 




CMPS = Compare byte/word 


1 0 1 0 0 1 1 w 










22 




SCAS = Scan byte/word 


1 0 1 0 1 1 1 w 










15 




LODS = Load byte/wd to AL/AX 


1 0 1 0 1 1 0 w 










12 




STOS = Stor byte/wd from AL/A 


1 0 1 0 1 0 1 w 










10 




INS Input byte/Wd from OX port 


o : 1 o 1 1 o w 














OUTS -Output byte wd to OX port 


O 11 0 1 11 w 


t 








14 





Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 



* 

FUNCTION 


FORMAT 




Clock 
Cycles 


Comments 


CTBIMft MAMIDIII ATIHM (Pnnttmiorit- 

olnlNu mAnlrULAIlUN (uonimueoj. 












Repeated by count in CX 












MOVS = Move string 


|1 


1110 0 10 


1 0 1 0 0 1 0 w | 


Q i On 

o+on 




CMPS ■= Compare string 


h 


1 1 1 0 0 1 z 


1 0 1 0 0 1 1 w | 






SCAS ■= Scan string 


rr 
I 1 


II I U U 1 Z 


1 0 1 0 1 1 1 w| 


5+15n 




LOOS = Load string 


i' 


1110 0 1 0 


1 0 1 0 1 1 0 w | 


6+11n 




STOS = Store string 


i 1 


1110 0 1 0 


1 n 1 n 1 n 1 w 1 

1 U 1 V 1 U 1 W 1 


6+9n 




m - Input strmg 


i 1 ' 


11 10 0 18 1 


0 1 1 0' t t"o"*"l - , - 


Wfe. . 








t t 1001 81 








0ift$* Output s£rfo$ 


i> 




8+8r> 

HHHHH 




CONTROL TRANSFER 












CALL = Call: 












Direct within segment 


h 


1 1 0 1 0 0 0 j 


disp-low j disp-high | 


u 




Register/memory 




1 1 1 1 1 1 1 I 


mod 010 r/m J 


1 O/ 1 9 




indirect within segment 








Direct intersegment 




n n 1 1 n 1 n I 


segment offset , j 


do 








! 


segment selector , | 






indirect intersegment 


I' 


1 1 1 1 1 1 l 1 


mod 01 1 r/m | (mod * 11) 


38 




JMP = Unconditional jump: 












Short/long 


h 


110 10 1 1 


disp-low J 


13 




Direct within segment 




110 10 0 1 


disp-low | disp-high J 


13 




Register/memory indirect within segment J 1 


111111 1 


mod 1 0 0 r/m J 


11/17 




Direct mtei segment 


h 


110 10 1 0 


segment offset ' j 


13 










segment selector | , 






Indirect intersegment 


h 


1 1 1 1 1 1 1 I 


modi 01 r/m | (mod * 11) 


26 




RET = Return from CALL: 












Within segment 


h 


1 0 0 0 0 1 1 | 




16 




Within seg adding immed to SP 


h 


1 0 0 0.0 1 0 j 


data-low | data-high | 


18 




Intersegment 


h 


10 0 10 1 1 j 




22 




Intersegment adding immediate to SP 


h 


10 0 10 1 0 


data-low j data-high | 


25 





Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 










Clock 
Cycles 


Comments 


CONTROL TRANSFER (Continued): 
















JE/JZ = Jump on equal/zero 


|UlllUlUUj 


disp I 








4/13 


JMP not 


JL/JNGE = Jump on less/not greater or equal 


|U 1 1 1 1 1 0 o i 


disp I 








4/13 


taken/JMP 
taken 


JLE/JNG = Jump on less or equal/not greater 


|UllllilU| 


disp | 








4/13 


JB/JNAE = Jump on below/not above or equal 


1 A -1 -4 -1 ft A H A 1 

|U 1 1 1 U U 1 U | 


disp I 








4/13 




JBE/JNA = Jump on below or equal/not above 


|U 1 1 1 U 1 1 u i 


disp | 








4/13 




JP/JPE = Jump on parity/parity even 


IA4444A4 Al 

|0 111101 0 i 


disp | 








4/13 




JO = Jump on overflow 


In 44 4 AAA Al 

|0 11 i UUU 0| 


disp I 








4/13 




JS = Jump on sign 


|U1111UUU|- 


disp | 








4/13 




JNE/JNZ - Jump on not equal/not zero 


|U 1 1 I U 1 U 1 | 


disp I 








4/13 * 




JNL/JGE = Jump on not less/greater or equal 


|U11111U1| 


disp I 








4/13 




JNLE/JG = Jump on not less or equal/greater 


|0 1 1 1 1 1 1 1 | 


disp | 








4/13 




JNB/JAE = Jump on not below/above or equal 


[0111001 1 | 


disp | 








4/1 

*rl IO 




JNBE/JA = Jump on not below or equal/above 


In h 1 n 1 1 1 l 

| U 1 I l U I 1 1 i 










4/13 




JNP/JPO = Jump on not par/par odd 


(0 111101 1( 


disp | 








4/13 




JNO = Jump on not overflow 


(0 11 1000 1 | 


disp | 








4/13 




JNS = Jump on not sign 


lo.iiiinnil 
|U1I11UU1| 


disp J 








4/13 




JCXZ= Jump on CX zero 


|1 1 1 0 0 0 1 1 | 


disp | 








5/15 




LOOP = Loop CX times 


|1 1 1 0 0 0 1 0 | 


disp | 








6/16 


LOOP not 

lalven/LvJL'r 


LOOPZ/LOOPE = Loop while zero/equal 


|1 1 1 0 0 0 0 11 


disp | 








6/16 


LOOPNZ/LOOPNE = Loop while not zero/equal 


|1 1 1 0 0 0 0 0 | 










6/16 


taken 


















h i o o i o o o | 






1 




















25 

22+16<n-1) 
8 




HAW- Leave Pfocedure 














INT= Interrupt: 
















Type specified 


|1 10 0 110 1| 


type | 








47 




Type 3 


|1 1 0 0 1 1 0 0| 










45 


if INT. taken/ 


INTO = Interrupt on overflow 


|1 1 0 0 1 1 1 0 | 










, 48/4 


if INT. not 














taken 


IRET= Interrupt return 


| 1 10 0 111 1 | 










28 




















f$ 110J<31 o| 




















' V - 







Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 


Clock 
Cycles , 


Comments 


PROCESSOR CONTROL 








CLC = Clear carry 


|1 1 1 1 1 0 0 0 | 


2 




PMP — PnrfinlAmpnt r*arr\/ 
vmu — uUlilpltjillcMl Lai ly 


1 1 1 1 1 o 1 o 1 i 


o 
c. 




STC = Set carry 


|1 1 1 1 1 0 0 1 | 


2 




CLO = Clear direction 


|1 1 1 1 1 1 0 0 | 


2 




STD = Set direction 


|1 1 1 1 1 1 0 1 | 


2 




CLI = Clear interrupt 


' |1 1 1 1 1 0 1 0 | 


2 




STI = Set interrupt 


|1 11110 1 1 | 


2 




HIT = Halt 


|1 1110 10 0| 


2 




WAIT = Wait 


|1 0 0 110 1 1 j 


6 


if test = 0 


LOCK = Bus lock prefix 


.|1 1 1 1 0 0 0 0 j 


2 




ESC = Processor Extension Escape 


|1 0 0 1 1 T T T | mod LLL r/m | 


6 






(TTT LLL are opcode to processor extension) 







Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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FOOTNOTES 



The effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 

if mod - 1 1 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*, disp-low and disp-high 

are absent 

if mod = 01 then DISP = disp-low sign-extended to 

1 6-bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 



REG is assigned according to the following table: 



if r/m = 000 then EA = 
ifr/m = 001 then EA = 
if r/m = 010 then EA = 
if r/m = 01 1 then EA = 
if r/m = 100 then EA = 
if r/m = 101 thenEA: 
if r/m = 110thenEA = 
if r/m = 111 thenEA = 



(BX) + (SI) + DISP 
(BX) + (Dl) + DISP 
(BP) + (SI) + DISP 
(BP) + (Dl) + DISP 
(SI) + DISP 
(Dl) + DISP 
(BP) + DISP* 
(BX) + DISP 



DISP follows 2nd byte of instruction (before data if 
required) 

*except if mod = 00 and r/m = 110 thenEA = disp-high: disp-low 

NOTE: 

EA CALCULATION TIME IS 4 CLOCK CYCLES FOR ALL MODES, AND IS INCLUDED 
IN THE EXECUTION TIMES GIVEN WHENEVER APPROPRIATE. 

SEGMENT OVERRIDE PREFIX 



|0 0 1 reg 1 1 o| 

reg is assigned according to the following: 

Segment 
reg Register 

00 ES 

01 CS 

10 SS 

11 DS 



16-Bit (w = 1) 


8-Bit (w = 0) 


000 AX 


000 AL 


001 CX 


001 CL 


010 DX 


010 DL 


011 BX 


011 BL 


100 SP 


100 AH 


101 BP 


101 CH 


110 SI 


110 DH 


111 Dl 


111 BH 



The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op- - 
erands of the string primitive operations (those ad- 
dressed by the Dl register) are computed using the ES 
segment, which may not be overridden. 
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8-BIT HMOS MICROPROCESSOR 
8088/8088-2 



8-Bit Data Bus Interface 
16-Bit Internal Architecture 

Direct Addressing Capability to 1 
Mbyte of Memory 

Direct Software Compatibility with 
IAPX 86/10 (8086 CPU) 

14-Word by 16-Bit Register Set with 
Symmetrical Operations 

24 Operand Addressing Modes 

Byte, Word, and Block Operations 



8-Bit and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal, 
Including Multiply and Divide 

Compatible with 8155-2, 8755A-2 and 
8185-2 Multiplexed Peripherals 

Two Clock Rates: 
5 MHz for 8088 
8 MHz for 8088-2 

Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



The Intel® iAPX 88/10 is a new generation, high performance microprocessor implemented in N-channel, depletion load, 
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It is directly compatible with iAPX 86/10 software and 8080/8085 hardware and peripherals. 




EXECUTION 
UNIT 



AH 


AL 


BH 


BL 


CH 


CL 


OH 


OL 


SP 


BP 


Si 


Dl 



GND 
A14 
A13 
A12 
A11 
A10 
A9 
A8 
AD7 
AD6 
AD5 
AD4 
AD3 
A02 
AD1 
ADO 
NMI 
INTR 
CLK 
GND 



C 1 

C 2 

C 3 

C 4 

C 5 

C 6 

C 7 

C 8 

C 9 

C 10 

C 11 

C 12 

C 13 

C 14 

C 15 

C 16 

C 17 

C 18 

C 19 

□ 20 



MIN 
MODE 



40 □ 
39 □ 
38 □ 
37 □ 
36 J 
35 □ 
34 □ 
33 □ 
32 □ 
31 3 
30 □ 
29 □ 
28 □ 
27 □ 
26 □ 
25 □ 
24 □ 
23 Z) 
22 □ 
21 □ 



MAX 
MODE 



Vcc 

A15 

A16/S3 

A17/S4 

A18/S5 

A19/S6 

SS0 (HIGH) 

MN/MX 

RD 

HOLD (RQ/GTO") 
HLDA (RQ/GT1) 
WR (LOCK) 
10/M (S2) 
DT/R (ST) 
BIN (SO) 
ALE (QS0) 
INTA (QS1) 

Test 

READY 
RESET 



Figure 1. iAPX 88/10 CPU Functional Block Diagram Figure 2. iAPX 88/10 Pin Configuration 



Intel Corporation Assumes No Responsibly for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 
©INTEL CORPORATION, 1980 
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Table 1. Pin Description 

The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The "local bus" in 
these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to additional bus 
buffers). 



Symbol 


Pin No. 


Type 


Name and Function 


AD7-AD0 


9-16 


I/O 


Address Data Bus: These lines constitute the time multiplexed memory/IO 
address (T1) and data (T2, T3, Tw, and T4) bus. These lines are active HIGH and 
float to 3-state OFF during interrupt acknowledge and local bus "hold acknowl- 
edge". 


A15-A8 


2-8, 39 


0 


Address Bus: These lines provide address bits 8 through 15 for the entire bus 
cycle (T1-T4). These lines do not have to be latched by ALE to remain valid. 
A15-A8 are active HIGH and float to 3-state OFF during interrupt acknowledge 
and local bus "hold acknowledge". 


A19/S6, A18/S5, 
A17/S4, A16/S3 


34-38 


0 


Address/Status: During T1, these are the four 
most significant address lines for memory op- 
erations. During I/O operations, these lines are 
LOW. During memory and I/O operations, status 
information is available on these lines during 
















T2, T3, Tw, and T4. S6 is always low. The status of 


S4 


S3 


CHARACTERISTICS 










the interrupt enable flag bit (S5) is updated at 
the beginning of each clock cycle. S4 and S3 are 
encode^ as shown. 


0 (LOW) 
0 

1 (HIGH) 

S6 is 0 (LOW) 


0 
1 
0 


Alternate Data 

Code or None 
Data 










This information indicates which segment reg- 
ister is presently being used for data accessing. 
















These lines float to 3-state OFF during local bus 
"hold acknowledge". 










RD 


32 


0 


Read: Read strobe indicates that the processor is performing a memory of I/O 
read cycle, depending on the state of the IO/M pin or S2. This signal is used to 
read devices which reside on the 8088 local bus. RD is active LOW during T2, T3 
and Tw of any read cycle, and is guaranteed to remain HIGH in T2 until the 8088 
local bus has floated. 








This signal floats to 3-state OFF in "hold acknowledge". 








READY 


22 


I 


READY: is the acknowledgement from the addressed memory or I/O device that 
it will complete the data transfer. The RDY signal from memory or I/O is syn- 
chronized by the 8284 clock generator to form READY. This signal is active 
HIGH. The 8088 READY input is not synchronized. Correct operation is not 
guaranteed if the set up and hold times are not met. 


INTR 


18 


I 


Interrupt Request: is a level triggered input which is sampled during the last 
clock cycle of each instruction to determine if the processor should enter into an 
interrupt acknowledge operation. A subroutine is vectored to via an interrupt 
vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. INTR is internally synchronized. This 
signal is active HIGfr. 


TEST 


23 


I 


TEST: input is examined by the "wait for test" instruction. If the TEST input is 
LOW, execution continues, otherwise the processor waits in an "idle" state. This 
input is synchronized internally during each clock cycle on the leading edge of 

CLK. 


NMI 


17 


I 


Non-Maskable interrupt: is an edge triggered input which causes a type 2 
interrupt. A subroutine is vectored to via an interrupt vector lookup table located 
in system memory. NMI is not maskable internally by software. A transition from 
a LOW to HIGH initiates the interrupt at the end of the current instruction. This 
input is internally synchronized. 



4 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


RESET 


21 


I 


RESET: causes the processor to immediately terminate its present activity. The 
signal must be active HIGH for at least four clock cycles. It restarts execution, as 
described in the instruction set description, when RESET returns LOW. RESET 
is internally synchronized. 


CLK 


19 


I 


Clock: provides the basic timing for the processor and bus controller. It is 
asymmetric with a 33% duty cycle to provide optimized internal timing. 


v C c 


40 




Vcc= is tne +5V ±10% power supply pin. 


GND 


1, 20 




GND: are the ground pins. 


MN/MX 


33 


I 


Minimum/Maximum: indicates what mode the processor is to operate in. The 
two modes are discussed in the following sections. 



The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = Vqq). Only the pin functions which 
are unique to minimum mode are described; all other pin functions are as described above. 



IO/M 


28 


O 


Status Line: is an inverted maximum mode S2. It is used to distinguish a 
memory access from an I/O access. IO/M becomes valid in the T4 preceding a 
bus cycle and remains valid until the final T4 of the cycle (l/0=HIGH, M= LOW). 
IO/M floats to 3-state OFF in local pus "hold acknowledge". 


WR 


29 


O 


Write: strobe indicates that the processor is performing a write memory or write 
I/O cycle, depending on the state of the IO/M signal. WR is active for T2, T3, and 
Tw of any write cycle. It is active LOW, and floats to 3-state OFF in local bus "hold 
acknowledge". 


INTA 


24 


O 


INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW 
during T2, T3, and Tw of each interrupt acknowledge cycle. 


ALE 


25 


O 


Address Latch Enable: is provided by the processor to latch the address into 
the 8282/8283 address latch. It is a HIGH pulse active during clock low of T1 of 
any bus cycle. Note that ALE is never floated. 


DT/R 


27 


O 


Data Transmit/Receive: is needed in a minimum system that desires to use an 
8286/8287 data bus transceiver. It is used to control the direction of data flow 
through the transceiver. Logically, DT/R is equivalent to S1 in the maximum 
mode, and its timing is the same as for IO/M (T=HIGH, R=LOW). This signal 
floats to 3-state OFF in local "hold acknowledge". 


DEN 


26 


O 


Data Enable: is provided as an output enable for the 8286/8287 in a minimum 
system which uses the transceiver. DEN is active LOW during each memory and 
I/O access, and for INTA cycles. For a read or INTA cycle, it is active from the 
middle of T2 until the middle of T4, while for a write cycle, it is active from the 
beginning of T2 until the middle of T4. DEN floats to 3-state OFF during local bus 
"hold acknowledge". 


HOLD, HLDA 


30,31 


I, O 


HOLD: indicates that another master is requesting a local bus "hold". To be 
acknowledged, HOLD must be active HIGH. The processor receiving the "hold" 
request will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or 
Ti clock cycle. Simultaneous with the issuance of HLDA the processor will float 
the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it 
will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should be 
provided if the system cannot otherwise guarantee the set up time. 


SSO 


34 


O 


Status line: is logically equivalent to SO in the 
maximum mode. The combination of SSO, IO/M 
and DT/R allows the system to completely de- 
code the current bus cycle status. 




DT/R 


SSO 


CHARACTERISTICS 




1(HIGH) 

0 (LOW) 
0 

0 


0 
0 


0 
0 
0 
0 


Read I/O port 
Write I/O port 

Read memory 
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Table 1. Pin Description (Continued) 

The following pin function descriptions are for the 8088, 8228 system in maximum mode (i.e., MNIMX=GND.) Only the pin 
functions which are unique to maximum mode are described; all other pin functions are as described above. 



Symbol Pin No. Type Name and Function 

§2, SI, SO 26-28 O Status: is active during clock high of T4, T1, 

and 12, and is returned to the passive state 
(1,1,1) during T3 or during Tw when READY is 
HIGH. This status is used by the 8288 bus con- 
troller to generate all memory and I/O access 
control signals. Any change by S2, S1, or SO 
during T4 is used to indicate the beginning of a 
bus cycle, and the return to the passive state in 
T3 or Tw is used to indicate the end of a bus 
cycle. 

These signals float to 3-state OFF during "hold 
acknowledge". During the first clock cycle after 
RESET becomes active, these signals are active 
HIGH. After this first clock, they float to 3-state 



RQ/GTO, 30, 31 I/O Request/Grant: pins are used by other local bus masters to force the processor 

RQ/GTi to release the local b us at th e end of the processor's current bus cycle. Each pin 

is bidirectional with RQ/GTO having higher priority than RQ/GT1. RQ/GT has an 
internal pull-up resistor, so may be left unconnected. The request/grant se- 
quence is as follows (See Figure 8): 

1 . A pulse of one CLK wide from another local bus master indicates a local bus 
request ("hold") to the 8088 (pulse 1). 

2. During a T4 or Tl clock cycle, a pulse one clock wide from the 8088 to the 
requesting master (pulse 2), indicates that the 8088 has allowed the local bus 
to float and that it will enter the "hold acknowledge" state at the next CLK. 
The CPU's bus interface unit is disconnected logically from the local bus 
during "hold acknowledge". The same rules as for HOLD/HOLDA apply as for 
when the bus is released. 

3. A pulse one CLK wide from the requesting master indicates to the 8088 (pulse 
3) that the "hold" request is about to end and that the 8088 can reclaim the 
local bus at the next CLK. The CPU then enters T4. 

Each master-master exchange of the local bus is a sequence of three pulses. 
There must be one idle CLK cycle after each bus exchange. Pulses are active 
LOW. 

If the request is made while the CPU is performing a memory cycle, it will release 
the local bus during T4 of the cycle when all the following conditions are met: 

1. Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge 
sequence. 

4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events will 
follow: 

1. Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a currently 
active memory cycle apply with condition number 1 already satisfied. 



CHARACTERISTICS 



Interrupt Acknowledge 
Read I/O port 
Write I/O port 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


"type 


^ Name and Function 


LOCK 


29 


0 


LOCK: indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active (LOW). The LOCK signal is activated by the 
"LOCK" prefix instruction and remains active until the completion of the next 
instruction. This signal is active LOW, and floats to 3-state off in "hold acknowl- 
edge". 


QS1, QSO 


24, 25 


0 


Queue Status: provide status to allow external 
tracking of the internal 8088 instruction queue. 

The queue status is valid during the CLK cycle 
after which the queue operation is performed. 


QS1 


QSO 


CHARACTERISTICS 




0 (LOW) 
0 

1 (HIGH) 


0 
1 
0 


No operation 

First byte of opcode from queue 
Empty the queue 
Subsequent byte from queue 








34 


0 


Pin 34 is always high in the maximum mode. 
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FUNCTIONAL DESCRIPTION 
Memory Organization 

The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga- 
nized as a linear array of up to 1 million bytes, addressed 
as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3.) 

All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow- 
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or odd ad- 
dress boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in 



SEGMENT 

REGISTER FILE 



} CODE SEGMENT 



} STACK SEGMENT 



} DATA SEGMENT 



} EXTRA DATA SEGMENT 



the next higher address location. The BIU will auto- 
matically execute two fetch or write cycles for 16-bit 
operands. 

Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad- 
dresses FFFF0H through FFFFFH are reserved for 
operations including a jump to the initial system initial- 
ization routine. Following RESET, the CPU will always 
begin execution at location FFFF0H where the jump 
must be located. Locations 00000H through 003FFH are 
reserved for interrupt operations. Four-byte pointers 
consisting of a 16-bit segment address and a 16-bit off- 
set address direct program flow to one of the 256 possi- 
ble interrupt service routines. The pointer elements are 
assumed to have been stored at their respective places 
in reserved memory prior to the occurrence of inter- 
rupts. 

Minimum and Maximum Modes 

The requirements for supporting minimum and maxi- 
mum 8088 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8088 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes, 
dependent on the condition of the strap pin. When the 
MN/MX pin is strapped to GND, the 8088 defines pins 24 
through 31 and 34 in maximum mode. When the MN/MX 
pin is strapped to V cc , the 8088 generates bus control 
signals itself on pins 24 through 31 and 34. 



RESET BOOTSTRAP 
PROGRAM JUMP 



INTERRUPT POINTER 
FOR TYPE 255 



INTERRUPT POINTER 
FOR TYPE 1 



INTERRUPT POINTER 
FOR TYPE 0 



Figure 3. Memory Organization 



Figure 4. Reserved Memory Locations 



Memory 
Reference Need 


Segment Register 
Used 


Segment 
Selection Rule 


Instructions 


CODE (CS) 


Automatic with all instruction prefetch. 


Stack 


STACK (SS) 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 


DATA (DS) 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicitly selected using a 
segment override. 
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The minimum mode 8088 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed bus 
configuration is compatible with the MCS-85™ multi- 
plexed bus peripherals (8155, 8156, 8355, 8755A, and 
8185). This configuration (See Figure 5) provides the user 
with a minimum chip count system. This architecture' 
provides the 8088 processing power in a highly integrated 
form. 

The demultiplexed mode requires one latch (for 64K ad- 
dressability) or two latches (for a full megabyte of ad- 
dressing). A third latch can be used for buffering if the 
address bus loading requires it. An 8286 or 8287 trans- 
ceiver can also be used if data bu s buf fering is required. 
(See Figure 6.) The 8088 provides DEN and DT/R to con- 



trol the transceiver, and ALE to latch the addresses. 
This configuration of the minimum mode provides the 
standard demultiplexed bus structure with heavy bus 
buffering and relaxed bus timing requirements. 

The maximum mode employs the 8288 bus .controller. 
(See Figure 7.) The 8288 decodes status lines SO, S1, 
and S2, and provides the system with all bus control 
signals. Moving the bus control to the 8288 provides 
better source and sink current capability to the control 
lines, and frees the 8088 pins for extended large system 
features. Hardware lock, queue status, and two request/ 
grant interfaces are provided by the 8088 in maximum 
mode. These features allow co-processors in local bus 
and remote bus configurations. 
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•r 



n 



X1 


X2 




CLk 


RES 

8: 


READY 
284A 




RESET 



Ag - A 19 
ADo - AD7 



A- 
V 



MN/MX 

ALE 

RESET RD 



V 



c 



c 



\7 \> 



-N 
V 



P0R1 
8155 

- POR" 



DATA/ 
ADDR 



IO/M TIMER 

OCCCT OUT 



0 



V SS V CC V 0D PR0G 



V 



ALE 

CS, CE 2 



rr 



Figure 5. Multiplexed Bus Configuration 
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Figure 6. Demultiplexed Bus Configuration 
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Figure 7. Fully Buffered System Using Bus Controller 
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Bus Operation 

The 8088 address/data bus is broken into three parts — 
the lower eight address/data bits (AD0-AD7), the middle 
eight address bits (A8-A15), and the upper four address 
bits (A16-A19). The address/data bits and the highest 
four address bits are time multiplexed. This technique 
provides the most efficient use of pins on the proc- 
essor, permitting the use of a standard 40 lead package. 
The middle eight Address bits are not multiplexed, i.e. 
they remain valid throughout each bus cycle. In addi- 



tion, the bus can be demultiplexed at the processor with 
a single address latch if a standard, non-multiplexed 
bus is desired for the system. 
% 

Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3, and T4. (See 
Figure 8). The address is emitted from the processor 
during T1 and data transfer occurs on the bus during T3 
and T4. 12 is used primarily for changing the direction of 
the bus during read operations. In the event that a "NOT 
READY" indication is given by the addressed device, 
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Figure 8. Basic System Timing 
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"wait" states (Tw) are inserted between T3 and T4. Each 
inserted "wait" state is of the same duration as a CLK 
cycle. Periods can occur between 8088 driven bus cycles. 
These are referred to as "idle" states (Ti), or inactive CLK 
cycles. The processor uses these cycles for internal 
housekeeping. 

During T1 of any bus cycle, the ALE (address latch enable) 
signal is emitted (by either the processor or the 8288 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status 
information for the cycle may be latched. 

Status bits SO, SI, and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to the following table: 











s 2 


Si 


So 


CHARACTERISTICS 


0 (LOW) 


0 


0 


Interrupt Acknowledge 


0 


0 


1 


Read I/O 


0 


1 


0 


Write I/O 


0 


' 1 


1 


Halt 


1 (HIGH) 


0 


0 


Instruction Fetch 


1 


0 


1 


Read Data from Memory 


1 


1 


0 


Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 



Status bits S3 through S6 are multiplexed with high order 
address bits and are therefore valid during T2 through T4. 
S3 and S4 indicate which segment register was used for 
this bus cycle in forming the address according to the 
following table: 



s 4 


s 3 


CHARACTERISTICS 


0 (LOW) 


0 


Alternate Data (extra segment) 


0 


1 


Stack 


1 (HIGH) 


0 


Code or None 


1 


r 


Data 



S5 is a reflection of the PSW interrupt enable bit. S6 is 
always equal to 0. 

I/O Addressing 

In the 8088, I/O operations can address up to a maximum 
of 64K I/O registers. The I/O address appears in the same 
format as the memory address on bus lines A15-A0. The 
address lines A1 9-A1 6 are zero in I/O operations. The vari- 
able I/O instructions, which use register DX as a pointer, 
have full address capability, while the direct I/O instruc- 
tions directly address one or two of the .256 I/O -byte 
locations in page 0 of the I/O address space. I/O ports are 
addressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 8085 
design should note that the 8085 addresses I/O with an 
8-bit address on both halves of the 16-bit address bus. The 
8088 uses a full 16-bit address on its lower 16 address 

lines. 



EXTERNAL INTERFACE 
Processor Reset and Initialization 

Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8088 RESET is 
required to be HIGH for greater than four clock cycles. The 
8088 will terminate operations on the high-going edge of 
RESETand will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal 
reset sequence for approximately 7 clock cycles. After this 
interval the 8088 operates normally, beginning with- the 
instruction in absolute location FFFF0H. (See Figure 4.) 
The RESET input is internally synchronized to the proces- 
sor clock. At initialization, the HIGH to LOW transition of 
RESET must occur no sooner than 50 /j.s after power up, to 
allow complete initialization of the 8088. 

If INTR is asserted sooner than nine clock cycles after the 
end of RESET, the processor may execute one instruction 
before responding to the interrupt. 

All 3-state outputs float to 3-state OFF during RESET. 
Status is active in the idle state for the first clock after 
RESET becomes active and then floats to 3-state OFF 

Interrupt Operations 

Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the instruction set description in the iAPX 88 book or the 
iAPX 86,88 User's Manual. Hardware interrupts can be 
classified as nonmaskable or maskable. 

Interrupts result in a transfer of control to a new program 
location. A 256 element table containing address pointers 
to the interrupt service program locations resides in abso- 
lute locations 0 through 3FFH (see Figure 4), which are 
reserved for this purpose. Each element in the table is 4 
bytes in size and corresponds to an interrupt "type." An 
interrupting device supplies an 8-bit type number, during 
the interrupt acknowledge sequence, which is used to 
vector through the appropriate element to the new inter- 
rupt service program location. 

Non-Maskable Interrupt (NMI) 

The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable 
interrupt request (INTR) pin. A typical use would be to 
activate a power failure routine. The NMI is edge-triggered 
on a LOW to HIGH transition. The activation of this pin 
causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state of 
greater than two clock cycfes, but iSWrteqtiirecHaf'be 
synchronized to the clock. Any higher going transition ot. 
NMI is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves (2 bytes in 
the case of word moves) of a block type instruction. Worst 
case response to NMI would be for multiply, divide, and 
variable shift instructions. There is no specification on 
the occurrence of the low-going edge; it may occur 
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before, during, or after the servicing of NMI. 
Another high-going edge triggers another response if it 
occurs after the start of the NMI procedure. The signal 
must be free of logical spikes in geaeral and be free of 
bounces on the low-going edge to avoid triggering ex- 
traneous responses. 



Maskable Interrupt (INTR) 

The 8088 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The in- 
terrupt request signal Is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block type instruction. During interrupt response se- 
quence, further interrupts are disabled. The enable bit is 
reset as part of the response to any interrupt (INTR, 
NMI, software interrupt, or single step), although the 
FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the in- 
terrupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an in- 
struction. 

During the response sequence (See Figure 9), the proc- 
essor executes two successive (back to back) interrupt 
acknowledge cycles. The 8088 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until 
T2 of the seoond. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external in- 
terrupt system (e.g., 8259A PIC) which identifies the v 
source (type) of the interrupt. This byte is multiplied by 
four and used as a pointer into the interrupt vector 
lookup table. An INTR signal left HIGH will be continual- 
ly responded to within the limitations of the enable bit 



and sample period. The interrupt return instruction in- 
cludes a flags pop which returns the status of the 
original interrupt enable bit when it restores the flags. 



HALT 

When a software HALT instruction is executed, the 
processor indicates th.at it is entering the HALT state in 
one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues ALE, 
delayed by one clock cycle, to allow the systenvto latch 
the halt s tatus. Halt status is available on IO/M, DT/R, 
and SSO. In maximum mode, the processor issues ap- 
propriate HALT status on S2, S1, and SO, and the 8288 
bus controller issues one ALE. The 8088 will not leave 
the HALT state when a local bus hold is entered while in 
HALT. In this case, the processor reissues the HALT in- 
dicator at the end of the local bus hold. An interrupt re- 
quest or RESET will force the 8088 out of the HALT 
state. 



Read/Modify/Write (Semaphore) Operations 
via LOCK 

The LOCK status information is provided by the proc- 
essor when consecutive bus cycles are required during 
the execution of an instruction. This allows the proc- 
essor to perform read/modify/write operations on 
memory (via the "exchange register with memory" 
instruction), without another system bus master receiv- 
ing intervening memory cycles. This is useful in multi- 
processor system configurati ons to accomplish "test 
and set lock" operations. The LOCK signal is activated 
(LOW) in the clock cycle following decoding of the 
LOCK prefix instruction. It is deactivated at the end of 
the last bus cycle o f the instruction following the LOCK 
prefix. While LOCK is active, a request on a RQ/ST pin will 
be recorded, and then honored at the end of the LOCK. 




Figure 9. Interrupt Acknowledge Sequence 
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External Synchronization via TEST 

As an alternative to interrupts, t he 80 88 provides a 
single software-testable input pin (TEST), This input is 
utilized by executing a WAIT instruction. The single 
WAIT instruction is repeatedly executed until the TEST 
input goes active (LOW). The execution of WAIT does 
not consume bus cycles once the queue is full. 

If a local bus request occurs during WAIT execution, the 
8088 3-states all output drivers. If Interrupts are enabled, 
the 8088 will recognize, interrupts and process them. 
The WAIT instruction is then refetched, and reexecuted. 



Basic System Timing 

In minimum mode, the MN/MX pin is strapped to V cc 
and the processor emits bus control signals compatible 
with the 8085 bus structure. In maximum mode, the 
MN/MX pin is strapped to GND and the processor emits 
coded status information which the 8288 bus controller 
uses to generate MULTIBUS compatible bus control 
signals. 

System Timing — Minimum System 

(See Figure 8.) 

The read cycle begins in T1 with the assertion of the ad- 
dress latch enable (ALE) signal. The trailing (low going) 

edge of this signal is used to latch the address informa- 
tion, which is valid on the address/data bus (AD0-AD7) 
at this time, into the 8282/8283 latch. Address lines A8 
through A15 do not need to be latched because they re- 
main valid throughout the bus cycle. From T1 to T4 the 
IO/M signal indicates a memory or I/O operation. At T2 
the address is removed from the address/data bus and 
the bus goes to a high impedance state. The read con- 
trol signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus 
drivers to the local bus. Some time later, valid data will 
be available on the bus and the addressed device Will 
drive the READY line HIGH. When the processor returns 
the read signal to a HIGH level, the addressed device 
will again 3-state its bus drivers. If a transceiver 
(8286/8287) js re quired to buffer the 8088 local bus, 
signals DT/R and DEN are provided by the 8088. 

A write cycle also begins with the assertion of ALE and 
the emission of the address. The IO/M signal is again 
asserted to indicate a memory or I/O write operation. In 
T2, immediately foiiowing the address emission, the 
processor emits the data to be written into the ad- 
dressed location. This data remains valid until at least 
the middle of T4. During T2, T3, and Tw, the processor 
asserts the write control signal. The write (WR) signal 
becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide 
time for the bus to float. 

The basic difference between the interrupt acknowl- 
edge cycle a nd a read cycle is that the interrupt 
acknowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is floate d. (See 
Figure 9.)i. In the second of two successive INTA cycles, 



a byte of information is read from the data bus, as sup 
plied by the interrupt system logic (i.e. 8259A priority in- 
terrupt controller). This byte identifies the source (type) 
of the interrupt. It is multiplied by four and used as a 
pointer into the interrupt vector lookup table, as de- 
scribed earlier. 



Bus Timing — Medium Complexity Systems 

(See Figure 10.) 

For medium complexity systems, the MN/MX"pin is con- 
nected to GND and the 8288 bus controller is added to 
the system, as well as an 8282/8283 latch for latching 
the system address, and an 8286/8287 transceiver to 
allow for bus loading gr eate r than the8088 is capable of 
handling. Signals ALE, DEN, and DT/R are generated by 
the 8288 instead of the processor in this configuration, 
although their timing remains relatively the same. The 
8088 status outputs (S2, S1, and SO) provide type of 
cycle information and become 8288 inputs. This bus 
cycle information specifies read (code, data, or I/O), 
write (data or I/O), interrupt acknowledge, or software 
halt. The 8288 thus issues control signals specifying 
memory read or write, I/O read or write,, or interrupt 
acknowledge. The 8288 provides two types of write 
strobes, normal and advanced, to be applied as required. 
The normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The 8286/8287 trans- 
ceiver receives the u sual T and OE inputs from the 
8288's DT/R and DEN outputs. 

The pointer into the inter rupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8289A prio/ity interrupt controller is 
positioned on the local bus, a TTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge se- 
quence and software "poll". 

The 8088 Compared to the 8086 

The 8088 CPU is an 8-bit processor designed around the 
8086 internal structure. Most internal functions of the 
8088 are identical to the equivalent 8086 functions. The 
8088 handles the external bus the same way the 8086 
does with the distinction of handling only 8 bits at a 
time. Sixteen-bit operands are fetched or written in two 
consecutive bus cycles. Both processors will appear 
identical to the software engineer, with the exception of 
execution time. The internal register structure is iden- 
tical and all instructions have the same end result. The 
differences between the 8088 and 8086 are outlined 
below. The engineer who is unfamiliar with the 8086 is 
referred to the iAPX 86, 88 User's Manual, Chapters 2 and 
4, for function description and instruction set information: 
Internally, there are three differences between the 8088 
and the 8086. All changes are related to the 8-bit bus in- 
terface. 
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• The queue length is 4 bytes in the 8088, whereas the 
8086 queue contains 6 bytes, or three words. The, 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching instructions. This was re- 
quired because of the additional time necessary to 
fetch instructions 8 bits at a time. 

• To further optimize the queue, the prefetching algo- 
rithm was changed. The 8088 BIU will fetch a new in- 
struction to load into the queue each time there is a 1 
byte hole (space available) in the queue. The 8086 
waits until a 2-byte space is available. 

• The internal execution time of the instruction set is 
affected by the 8-bit interface. All 16-bit fetches and 
writes from/to memory take an additional four clock 
cycles. The CPU is also limited by the speed of in- 
struction fetches. This latter problem only occurs 
when a series of simple operations occur. When the 
more sophisticated instructions of the 8088 are being 
used, the queue has time to fill and the execution pro- 
ceeds as fast as the execution unit will allow. 

The 8088 and 8086 are completely software compatible 
by virture of their identical execution units. Software 
that is system dependent may not be completely trans- 
ferable, but software that is not system dependent will 
operate equally as well on an 8088 or an 8086. 



The hardware interface of the 8088 contains the major 
differences between the two CPUs. The pin assign- 
ments are nearly identical, however, with the following 
functional changes: 

• A8-A15 — These pins are only address outputs on the 
8088. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner 
similar to the 8085 upper address lines. 



• BHE has no meaning on the 8088 and has been elimi- 
nated. 



• SSO provides the SO status information in the mini- 
mum mode. This output oc curs on pin 34 in minimum 
mode only. DT/R, IO/M, and SSO provide the complete 
bus status in minimum mode. 

• IO/M has been inverted to be compatible with the 
MCS-85 bus structure. 



ALE is delayed by one clock cycle in the minimum 
mode when entering HALT, to allow the status to be 
latched with ALE. 
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Figure 10. Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°C to 70 °C 

Storage Temperature - 65 °C to + 150°C 

Voltage on Any Pin with 

Respect to Ground - 1 .0 to + 7V 

Power Dissipation 2.5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 



3: T A = 0°C to 70°C, V cc = 5V ±10%) * 
(8088-2: T A = 0°C to 70°C, V cc = 5V ±5%) 



Symbol 


Parameter 


||| n 

Min. 


Max. 


1 ImUs 

units 


Test uonaitions 


V|L 


Input Low Voltage 


-0.5 


+0.8 


V 




V| H 


Input High Voltage 


2.0 


V CC +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.0 mA 


V 0 H 


Output High Voltage 


2.4 




V 


Iqh = _4 °0 /xA 


! CC 


8088 

Power Supply Current: 8088-2 
P8088 




340 
350 
250 


mA 


T A « 25°C 


»LI 


Input Leakage Current 




±10 


fiA 


0V^V| N ^V CC 


"LO 


Output Leakage Current 




±10 


/xA 


0.45V ^V 0 UT ^ 

v C c 


V C L 


Clock Input Low Voltage 


-0.5 


+0.6 


V 




V C H 


Clock Input High Voltage 


3.9 


v cc +10 


V 




C|N 


Capacitance if Input Buffer 
(All input except 
AD 0 -AD 7 , RQ/GT 




15 


PF 


fc = 1 MHz 


C|0 


Capacitance of I/O Buffer 
(ADo-ADy, RQ/GT 




15 


PF 


fc = 1 MHz 



*Note: For Extended Temperature EXPRESS V CC = 5V±5% 
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A.C. CHARACTERISTICS (8088: t a = o°c to 70°c, v cc = 5V ±10%)* 

(8088-2: T A = 0°C to 70°C, V cc = 5V ±5%) 
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 





8088 


8088-2 




Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test 
Conditions 


TCLCL 


CLK Cycle Period 


200 


500 


125 


500 


ns 




TCLCH 


CLK Low Time 


118 




68 




ns 


TCHCL 


CLK High Time 


69 




44 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 


ns 


From 1.0V 
to 3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 


ns 


From 3.5V 
to 1.0V 


TDVCL 


Data in Setup Time 


30 




20 




ns 




TCLDX 


Data in Hold Time 


10 




10 




ns 


TR1VCL 


RDY Setup Time 
into 8284 (See 
Notes 1,2) 


35 




35 




ns 


TCLR1X 


RDY Hold Time 
into 8284 (See 
Notes 1 , 2) 


0 




0 




ns 




TRYHCH 


READY Setup 

i line iniu 
8088 


118 




68 




ns 


TCHRYX 


READY Hold Time 
into 8088 


30 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (See Note 3) 


-8 




-8 




ns 


THVCH 


HOLD Setup Time 


35 




20 




ns 


TINVCH 


INTR, NMI,TEST 
Setup Time (See 
Note 2) 


30 




15 




ns 


TILIH 


Input Rise Time 
(Except CLK) 




20 




,20 


ns 


From 0.8V 
to 2.0V 


TIHIL 


Input Fall Time 
(Except CLK) 




12 




12 


v ns 


From 2.0V 
to 0.8V 



*Note: For Extended Temperature EXPRESS V CC = 5V±5% 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES • 





8088 


8088-2 




Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


TCLAV 


Address Valid Delay 


10 


110 


10 


60 


ns 




TCLAX 


Address Hold Time 


10 




10 




ns 




TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


ns 




TLHLL 


ALE Width 


TCLCH-20 




TCLCH-10 




ns 




TCLLH 


ALE Active Delay 




80 




50 


ns 




TCHLL 


ALE Inactive Delay 




85 




55 


ns 




TLLAX 


Address Hold Time to 
ALE Inactive 


TfiHHI — m 




TnHfM —in 








TCLDV 


Data Valid Delay 


10 


110 


10 


60 


ns 


C L = 20-100 pF for 


TCHDX 


Data Hold Time 


-10 




10 




ns 


all 8088 Outputs 
in addition to 
internal loads 


TWHDX 


Data Hold Time After WR 


TCLCH-30 




TCLCH-30 




ns 


TCVCTV 


Control Active Delay 1 


10 


110 


10 


70 


ns 




TCHCTV 


Control Active Delay 2 


10 


110 


10 


60 


ns 




TCVCTX 


Control Inactive Delay 


10 


110 


10 


70 


ns 




TAZRL 


Address Float to READ 
Active 


o 




o 




ns 




TCLRL 


RD Active Delay 


10 


165 


10 


100 


ns 




TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


ns 




TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 




TCLCL-40 




ns 




TCLHAV 


HLDAValid Delay 


10 


160 


10 


100 


ns 




TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-50 




ns 




TWLWH 


WR Width 


2TCLCL-60 




2TCLCL-40 




ns 




TAVAL 


Address Valid to ALE Low 


TCLCH-60 




TCLCH-40 




ns 




TOLOH 


Output Rise Time 




20 




20 


ns 


From 0.8V to 2.0V 


TGHOL 


Output Fall Time 




12 




12 


ns 


From 2.0V to 0.8V 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



- TEST POINTS - 



AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR 
A LOGIC 0 THE CLOCK IS DRIVEN AT 4 3V AND 0 25V TIMING MEASURE- 
MENTS ARE MADE AT 1 5V FOR BOTH A LOGIC 1 AND 0 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



"let. ■= 100 pF 

I 



C. INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



BUS TIMING — MINIMUM MODE SYSTEM 



CLK (8284 Output) 



ROY (8284 Input) 
SEE NOTE 5 



READY (8088 Input) 



READ CYCLE 
(NOTE 1) 
(WR, INTA = Voh) 



Ti 

- TCLCL - 



V C H 

VCL 



T 2 

TCH1CH2- 



X 



X 



f- 



TCHLL— 

TAVAL— *- 



X 




T 3 T W 
*- TCL2CL1 J 



— TCLCH-* 



A15 - A e (Float during INTA) 



X 



\ 



-TCHCTV TCLRL 



X 



X 



X 



FLOAT 
- TRHAV- 



r 
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WAVEFORMS (Continued) 



BUS TIMING — MINIMUM MODE SYSTEM (Continued) 



CLK (8284 Output) 



V^L 



WRITE CYCLE 
NOTE 1 



INTA CYCLE 
NOTES 1,3 
(RD,WR = V 0 h) 



software halt - 
den,rT3,vvr,inta = Voh 

DT/R INDETERMINATE 



T 2 

TCH1CH2-»j L_ — | U- TCL2CI 

, Hi , 



T 3 T W 
— TCL2CL1 l 




INVALID ADDRESS 



SOFTWARE HALT 



1 ALL SIGNALS SWITCH BETWEEN V 0H AND V 0L UNLESS OTHERWISE 
SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T 2 , T 3) T w TO DETERMINE IF T w 
MACHINES STATES ARE TO BE INSERTED. 

3. TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOTH INTA CYCLES CONTROL SIGNALS 
ARE SHOWN FOR THE SECOND INTA CYCLE 

4. SIGNALS AT 8284 ARE SHOWN FOR REFERENCE ONLY. 

5. ALLTIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 





8088 




8088-2 




Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


TCLCL 


CLK Cycle Period 


200 


500 


125 


500 


ns 




TCLCH 


CLK Low Time 


118 




68 




ns 




TCHCL 


CLK High Time 


69 




44 




ns 




TCH1CH2 


CLK Rise Time 




10 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data In Setup Time 


30 




20 




ns 




TCLDX 


Data In Hold Time 


10 




10 




ns 




TR1VCL 


RDY Setup Time into 8284 
(See Notes 1,2) 


35 




35 




ns 




TCLR1X 


RDY Hold Time into 8284 
(See Notes 1,2) 


0 




0 




ns 




TRYHCH 


READY Setup Time into 
8088 


118 




68 




ns 




TCHRYX 


READY Hold Time into 8088 


30 




20 




ns 




TRYLCL 


READY Inactive to CLK (See 
Note 4) 


-8 




-8 




ns 




TINVCH 


Setup Time for Recognition 
(INTR, NMI.TEST) 
(See Note 2) 


30 




15 




ns 




TGVCH 


RQ/GT Setup Time 


30 




15 




ns 




TCHGX 


RQ Hold Time into 8086 


40 




30 




ns 




TILIH 


Input Rise Time 
(Except CLK) 




20 




20 


ns 


From 0.8V tor 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Signal at 8284 or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state (8 ns into T3 state). 

4. Applies only to T2 state (8 ns into T3 state). 
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A.C. CHARACTERISTICS 



TIMING RESPONSES 





8088 


8088-2 




Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


TCLML 


Command Active Delay (See 
Notel) 


10 


35 


10 


35 


ns 




TCLMH 


Command Inactive Delay (See 
Notel) 


10 


35 


10 


35 


ns 




TRYHSH 


READY Active to Status Passive 
(See Note 3) 




110 




65 


ns 




TCHSV 


Status Active Delay 


10 


110 


10 


60 


ns 




TCLSH 


Status Inactive Delay 


10 


130 


10 


70 


ns 




TCLAV , 


Address Valid Delay 


10 


110 


10 


60 


ns 




TCLAX I 


Address Hold Time 


10 




10 




ns 




TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


ns 




TSVLH 


Status Valid to ALE High (See 
Note 1 ) 




15 




15 


ns 




TSVMCH 


Status Valid to MCE High (See 
Note 1) 




15 




15 


ns 




TGLLH 


CLK Low to ALE Valid (See 
Notel) 




15 




15 


ns 




TCLMCH 


CLK Low to MCE High (See 
Note 1) 




15 




15 


ns 




TCHLL 


ALE Inactive Delay (See Note 1) 




15 




15 


ns 




TCLMCL 


MCE Inactive Delay (See Note 1) 




15 




15 


ns 


C L = 20-100 pFfor 


TCLDV 


Data Valid Delay 


10 


110 


10 


60 


ns 


all 8088 Outputs 
in addition to 
internal loads 


TCHDX 


Data Hold Time 


10 




10 




ns 


TCVNV 


Control Active Delay (See 
Notel) 


5 


45 


5 


45 


ns 




TCVNX 


Control Inactive Delay (See 
Notel) 


10 


45 


10 


45 


ns 




TAZRL 


Address Float to Read Active 


0 




0 




ns 




TCLRL 


RD Active Delay 


10 


165 


10 


100 


ns 




TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


ns 




TRHAV 


RD Inactive to Next Address 
Active 


TCLCL-45 




TCLCL-40 




ns 




TCHDTL 


Direction Control Active Delay 
(See Notel) 




50 




50 


ns 




TCHDTH 


Direction Control Inactive Delay 
(See Notel) 




30 




30 


ns 




TCLGL 


GT Active Delay 




85 




50 


ns 




TCLGH 


GT Inactive Delay 




85 




50 


ns 




TRLRH 


RD Width 


2fCLCL-75 




2TCLCL 50 




ns 




TOLOH 


Oufput Rise Time 




20 




20 


ns 


From 0.8V to 
2.0V 


TOHOL 


Output Fall Time 




12 




12 


ns 


From 2.0V to 
0.8V 



3-433 



AFN-00826O 



intel 



IAPX 88/10 



WAVEFORMS 



BUS TIMING— MAXIMUM MODE 



-• TCLCl .-TCH1CH2-»| k — <A j«-TCL2CL1 T(( 



§2,5i,§o (EXCEPT HALT) 



ALE (8288 OUTPUT) 



RDY (8284 INPUT) 



READY (8088 INPUT) 



8288 OUTPUTS 
SEE NOTES 5,6 



MRDC OR IORC 



TSVLH 
TCLLH^ 



X 



I 



-C 



READ CYCLE, TCLAV— 
AD 7 - A Do 



X 



X 



Ai 5 -A 8 



X 



m 



X 



S6-S3 



TCLAX 

TCLAZ 



y- 



• TRYHCH — 



X 



X 



J — 




A 




r 
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WAVEFORMS (Continued) 



BUS TIMING— MAXIMUM 
MODE SYSTEM CLK 
(USING 8288) 



§2, Si, §o (EXCEPT HALT) 
WRITE CYCLE 
AD7-AD0 

DEN 



8288 OUTPUTS 
SEE NOTES 5,6 



AMWC OR AIOWC 



MWTC OR iOWC 



A15-A8 

(SEE NOTES 3,4) 



MCE/ 
PBEN 



8288 OUTPUTS 
SEE NOTES 5,6 



SOFTWARE 

HALT - (DEN = V OL ;Rl5,M^D^,iO^,MWTC,AMWC,IOWC,ATO^,nirfA,DT/fi = V 0 h 




AD7-AD0, Ai5-A 8 



—DC 

:lav — -j — 



INVALID ADDRESS 



f 



1 ALL SIGNALS SWITCH BETWEEN V 0 h AND Vol UNLESS OTHERWISE 
SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T 2 , T 3 , T w TO DETERMINE IF T W 
MACHINES STATES ARE TO BE INSERTED. 

3. CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA 

4. TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOTH INTA CYCLES CONTROL FOR 
POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE. 

5. SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY 

6. THE ISSUANC E OF T HE 8288 CO MMAND AND CONTROL SIGNALS 
(M"RT5C, MWTC, AMWC, R5TC, IOWC, AIOWC, INTA AND DEN) LAGS THE 
"ACTIVE HIGH 8288 CEN. 

7. ALL TIMING MEASUREMENTS ARE MADE AT 1 5V UNLESS OTHERWISE 
NOTED 

8. STATUS INACTIVE IN STATE JUST PRIOR TO T 4 . 
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WAVEFORMS (Continued) 



ASYNCHRONOUS 
SIGNAL RECOGNITION 



X 



TINVCH (see note 1) 



BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 



-Any CLK Cycle — 



AV *— 

N 



-Any CLK Cycle -J 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 




NOTE 1 THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE THE REGION 
SHOWN WITHOUT RISKING CONTENTION 
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IAPX 86/10, 88/10 
INSTRUCTION SET SUMMARY 



76543210 76543210 7 8 5 4 3 2 10 7 6 5 4 3 2 10 



Register 'memory to/trom register 
Immediate to register /memory 
Immediate to register 
Memory to accumulator 
Accumulator to memory 
Register/memory to segment register 
Segment register to register 'memory 

PUSN Push 

Register /memory 
Register 

Segment register 



0 1 1 w rei 
0 10 0 0 0 



10 10 0 0 1* 



Register /memory 
Segment register 



| 1 1 1 M Ml | mod 1 1 0 r m "| 

0 10 10 reg**°j 
I 0 0 0 reg 11 0 | 

| 10 0 0 1 1 11 ImodO 0 0 i m "[ 
} 0 0 0 reg 11 1 } 



Register /memory 
Register with 

INMnput from 
Fixed port 
Variable port 



OUT - Output to 
Fixed port 
Variable port 

XUT= Translate byte to AL 
LEA = Load EA to register 
LOS Load pointer to OS 
LES Load pointer to ES 
LAHF=LoadAH with (lags 
lAHf Store AH into (lags 
PUSHF=Push flags 
WF=Pop Hags 



Reg /memory with register to either 
Immediate to register /memory 
Immediate to 



| M 1 0 0 1 0 v 



1 10 0 1 
10 111 



INC Incrimint 

Register /memory 
Register 

AAA-ASCII adiust lor add 
0IU= Decimal adiust tor add 

SUa Subtract 

Reg /memory and register to either 1 0 0 1 0 i 0~d w 

Immediate from register /memory 1 1 0 0 0 0 0 s w 

Immediate trom accumulator 1 0 0 1 0 1 i 0 w 



addi high [ 



Reg /memory with register to either [ 0 0 0 1 0 0 d vT 1 


mod reg r m 




Immediate to register/memory pOOOOOsw 






Immediate to accumulator [ 0 0 0 1 0 1 0 w 


daia 





Ml = ItiMriet wltti borrow 

Reg /memory and register to either 
n register /memory 
m accumulator 



OEC Decrement 

Register /memory 
Register 

NE6 Change sign 

CMP Compare 

Register memory and register 
immediate with register 'memory 
Immediate with accumulator 
AAS ASCII adiust lor subtract 
OAS Decimal adiust tor subtract 
MUL Multiply lunsignedl 
IMUL Integer multiply isignedi 
AAM ASCII adiust tor multiply 
OIV Divide lunsignedl 
I0IV Integer divide isignedi 
AAO ASCII adiust lor divide 
CBW Convert Byte 10 word 
CWO Convert word to double word 



NOT invert 

SHL/SAL Shift logical anthr 

SHR Shift logical nght 

SAR Shtlt arithmetic right 

HOI Rotate lett 

HOB Rotate right 

RCL Rotate through carry tl, 

OCR Rotate through carry n 

A NO And 



76543210 76543210 76543210 76543210 




0 0 1 r m | 
0 1 0 r'm [ 



Reg memoiy and register lo eithe 


|0 0 1 0 0 0 d w 


mod reg r/m 




immediate to register /memory 


| 1 0 0 0 0 0 0 w 


mod 10 0 r/m 


data 


data if w 1 




| 0 0 1 0 0 1 0 w 




data it w 1 




TEST And (unction to flogs no r 


HUlt 








Register memory and register 


| 1 0 0 0 0 1 0 w 


mod reg r/m 






Immediate data and register memc 




modO 0 0 r/m 


data 


data it w 1 


Immediate data and accumulator 


| 1 0 1 0 1 0 0 w 








OR Or 










Reg /memory and register to eithe 


|0 0 0 0 1 0 d w 


mod reg r/m 






Immediate to register/memory 


| 1 0 0 0 0 0 0 w 


modO 0 1 r/m 




data <f w 1 


Immediate to accumulator 


| 0 0 0 0 1 1 0 w 




data if w 1 





XOR Exclusive or 

Reg /memory and register to either 
Immediate to register /memory 
immediate to accumulator 



STRING MANIPULATION 

REP= Repeat 
MOVS=Move byte/word 
CMPS-Compare byte/word 
SCAS=Scan byte/word 
LOOS=Load byte/wd to AL/AX 
STOS-Stor byte/wd from AL/A 



| 1 0 0 0 0 0 Ow 



|0 0 1 




Mnemonics ©Intel, 1978 
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INSTRUCTION SET SUMMARY (Continued) 



CONTROL TRANSFER 














CALL -- Call. 


7 6 5 4 3 2 I 0 


7 8 5 4 3 2 10 


7 6 S 4 3 2 1 0 


JNB/JAE Jump on not below /above 

or equal 
JNBE/JA Jump on not below or 

equal/above 
JKP/JPO Jump on not par /par odd 


7 6 5 4 3 2 10 


7 6 5 4 3 2 10 


Direct within segment 


1110 10 0 0 


disp low 


disp high | 


| 0 1 1 1 0 0 1 1 


disp 1 


Indirect within segment 


11111111 


mod 0 1 0 r/m 






disp | 


Direct intersegment 


10 0 110 10 


oftset-low - 

' 1 • 


offset-high | 


[01111011 


disp ] 






seg -low 


seg-high ] 


JNO Jump on not overflow 


1 0 1 1 1 0 0 0 1 


disp | 


Indirect intersegment 


11111111 

11111111 


mod 0 1 1 r/m 




JNS Jump on not sign 


[0 1 1 1 1 0 0 1 


_ 

disp | 


JMP - Unconditional Jump: 








LOOP Loop CX times 


1 1 1 1 0 0 0 1 0 


disp | 








L00PZ/L00PE Loop while zero/equal 


1 1 1 1 0 0 0 0 1 


; ,sp 1 


Direct within segment 


*1 1 1 0 1 0 0 1 


disp-low 


disp high 






L00PNZ/L00PNE Loop while not 


1 1 1 1 0 0 0 0 0 


disp | 


Oirect within segment-short 


1110 10 11 


disp 




zero/equa' 
JCXZ Jump on CX zero 




pi 1 1 0 0 0 1 1 


/ disp ~~ | 


lndirect,withm segment 




mod 1 0 0 r/m 
















Direct intersegment 


1110 10 10 


offset low 


offset high 




INT Interrupt 










seg -low 


seg high 




Type specified 


[11001101 


1 

type 1 


Indirect intersegment 


11111111 


mod 10 1 r/m 










RET = Return from CALL 








INTO Interrupt on overflow 


[110011 iT 










IRET Interrupt return 


[11001111 




Within segment 


110 0 0 0 11 


















Within seg adding immed to SP 


[11000010 


data low 


data high j 








Intersegment 


1 1 1 0 0 1 0 1 1 












Intersegment adding immediate to SP 


1 1 1 0 0 1 0 1 0 


data low 


data high [ 


PROCESSOR CONTROL 






JI/JZ=Jump on equal /zero 
JL/JNGE=Jump on less/not greater 
or equal 


1 0 1 1 1 0 1 0 0 


disp 




CLC Clear carry 


|_M 1 1 1 0 0 0 




1 0 1 1 1 1 1 0 0 






CMC Complement carry 


[11110101 




JlE/JH6=Jump on less or equal /not 
greater 


[01111110 


disp 




STC Set carry 


1 1 1 1 1 1 0 0 1 




JI/JME=Jump on below /not above 
or equal 

JBE/ JIM = Jump on below or equal/ 
not above 


[01110010 


disp 




CLO Clear direction 






[01110110 


disp 




STO Set direction 


h \ 1 1 1 101 




JP/JPE=Jump on parity/parity even 


[01111010 


disp 




CLI Clear interrupt 


[_1 1 1 1 1 0 1 0 




J0=Jump on overflow 


[01110000 


disp 




STI Set interrupt 


|l, 111011 




JS=Jump on sign 


[01111000 


disp 




HLT Halt 


1 1 1 1 1 0 1 0 0 




JNE/JNZ=Jump on not equal/not zero 


1 0 1 1 1 0 1 0 1 


disp 




WAIT Wait 


1 1 0 0 1 1 0 1 1 




JNL/J6E=Jump on not less/qreater 
or equal 


I01111101 


disp 




ESC Escape (to external devicei 


[, , 0 1 1 x x x 


mod xxx r/m - ] 


JNLE/J6=Jump on not less or equal/ 
greater 


1 0 1 1 1 1 1 1 1 


disp 




LOCK Bus lock prefix 


[1 1 1 10 0 0 0 

















AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive, 

Less = less positive (more negative) signed values 

if d = 1 then "to" reg, if d = 0 then "from" reg 

if w = 1 then word instruction, if w = 0 then byte instruction 



if s w = 01 then 16 bits of immediate data form the operand 
if s w = 1 1 then an immediate data byte is sign extended to 

form the 16-bit operand 
if v = 0 then "count' ' = 1 , if v = 1 then "count' ' in (CL) 
x = don't care 

z is used for string primitives for comparison with Z.F FLAG 
SEGMENT OVERRIDE PREFIX 
1 0 0 1 reg 1 10) 



if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*. disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 

if mod = 10 then DISP = disp-high disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) «■ DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) 

'except if mod = 00 and r/m = 110 then EA = disp-high disp-low 



REG is assigned according to the following table 



I64it (w -- 1) 


8-Bit (w = 0) 


Segment 


000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


011 BX 


011 BL 


11 DS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 




111 Dl 


111 BH 





Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to 
represent the file 

FLAGS = X X X X (OF) (DF) (IF) (TF) (SF) (ZF) X (AF) X (PF) X (CF) 



Mnemonics© Intel, 1978 
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iAPX 188 

HIGH INTEGRATION 8-BIT MICROPROCESSOR 



■ Integrated Feature Set 
—Enhanced 8088-2 CPU 
— Clock Generator 

—2 Independent, High-Speed DMA 

Channels 
—Programmable Interrupt Controller 
—3 Programmable 1 6-bit Timers 
—Programmable Memory and 

Peripheral Chip-Select Logic 
—Programmable Wait State Generator 
— Local Bus Controller 

■ 8-Bit Data Bus, Interface; 16-bit internal 
architecture 

■ Available in 8M Hz (80186) and cost 
effective 6 MHz (80186-6) versions 

■ High-Performance 8 MHz Processor 
— 2 Times the Performance of the 

Standard iAPX 88 



— 2 MByte/Sec Bus Bandwidth 
Interface 

■ Completely Object Code Compatible 
with All Existing iAPX 86, 88 Software 
— 10 New Instruction Types 

■ Direct Addressing Capability to 
1 MByte of Memory 

■ Complete System Development 
Support 

— Development Software: Assembler, 
PL/M, Pascal, Fortran, and System 
Utilities 

— In-Circuit-Emulator (ICE™ -188) 
— iRMX™ 86, 88 Compatible (80130 
OSF) 

■ High Performance Numerical 
Coprocessing Capability Through 8087 
Interface 



CLKOUT V cc GND 



HDh 



ii 



INT2/INTA0 
INT1 

INTO 



TMR OUT 1 TMROUT0 
TMR IN A TMR IN i 



t±± 



71 



EXECUTION UNIT 



16-BIT 
GENERAL 
PURPOSE 
REGISTERS 



J 



PROGRAMMABLE 
INTERRUPT 
CONTROLLER 



CONTROL 
REGISTERS 



SRDY - 
ARDY- 
TEST - 
HOLD- 
HLDA 

RES- 
RESET- 



INTERNAL BUS 



JL 



CONTROL REGISTERS 



16-BIT 
SEGMENT 
REGISTERS 



4-BYTE 
PREFETCH 
QUEUE 



CHIP-SELECT 
UNIT 



PROGRAMMABLE 
CONTROL 
REGISTERS 



V 



A16/S3- 
A19/S6 
,A8-A15 



MCS0-3 



PROGRAMMABLE 
DMA UNIT 
0 1 



20-BIT 
DESTINATION 
POINTERS 



CONTROL 
REGISTERS 



_V 

PCSO-4 



PCS6/A2 
PCS5/A1 



Figure 1. iAPX 188 Block Diagram 



Intel Corporation Assumes No Responsibility for the use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are implied 
©INTEL CORPORATION, 1982 
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iAPX 188 



The Intel IAPX 188 (80188 part number) is a highly integrated microprocessor with an 8-bit data bus interface and a 
16-bit internal architecture to give high performance. The iAPX 188 effectively combines 15-20 of the most common 
iAPX 88 system components onto one. The 80188 provides two times greater throughput than the standard 5 MHz 
IAPX 88. The iAPX 188 is upward compatible with iAPX 86 and 88 software and adds 10 new instruction types to the 
existing set. 7 
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TMR OUT 0 



PIN NO. 1 MARK- 
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TMR IN 1 
TMR IN 0 
(Zl DRQ1 
DRQO 



Figure 2. 80188 Pinout Diagram 



Table 1. 80186 Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


VccVcc 


9, 43 


1 


System Power: + 5 volt power supply. 


Vss. V ss 


26,60 


1 


System Ground. 


RESET 


57 


0 


Reset Output indicates that the 801 86 CPU is being reset, and can be used as a system 
reset. It is active HIGH, synchronized with the processor clock, and lasts an integer 
number of clock periods corresponding to the length of the RES signal. 


X1.X2 


59,58 


1 


Crystal Inputs, X1 and X2, provide an external connection for a fundamental mode 
parallel resonant crystal for the internal crystal oscillator. X1 can interface to an 
external clock instead of a crystal. In this case, minimize the capacitance on X2 or 
drive X2 with complemented X1. The input or oscillator frequency is internally divided 
by two to generate the clock signal (CLKOUT). 


CLKOUT 


56 


0 


Clock Output provides the system with a 50% duty cycle waveform. All device pin 
timings are specified relative to CLKOUT. CLKOUT has sufficient MOS drive capabilities 
for the 8087 Numeric Processor Extension. 


RES 


24 


1 


System Reset causes the 801 86 to immediately terminate its present activity, clear the 
internal logic, and enter a dormant state. This signal may be asynchronous to the 
80186 clock. The 80186 begins fetching instructions approximately 7 clock cycles 
after RES is returned HIGH. RES is required to be LOW for greater than 4 clock 
cycles and is internally synchronized. For proper initialization, the LOW-to-HIGH transi- 
tion of RES must occur no sooner than 50 microseconds after power up. This input 
is provided with a Schmitt-trigger to facilitate power-on RES generation via an RC 
network. When RES occurs, the 801 88 will drive the status lines to an inactive level 
for one clock, and then tri-state them. , 
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Table 1. 80188 Pin Description (Continued) 



Symbol 



Pin 
No. 



Type 



Name and Function 



Test 



47 



TEST is examined by the WAIT instruction. If the TEST input i s HIG H when 
"WAIT" execution begins, instruction execution will suspend TEST will be 
resampled until it goes LOW, at which ti me exe cution will resume. If interrupts 
are enabled while the 80188 is waiting for TEST, interrupts will be serviced. This 
input is synchronized internally. 



TMR IN 0, 
TMR IN1 



20 
21 



Timer Inputs are used either as clock or control signals, depending upon the 
programmed timer mode. These inputs are active HIGH (or LOW-to-HIGH 
transitions are counted) and internally synchronized. 



TMR OUT 0, 
TMR OUT 1 



22 
23 



O 
O 



Timer outputs are used to provide single pulse or continuous waveforrti gener- 
ation, depending upon the timer mode selected. 



DRQ0 
DRQ1 



18 
19 



DMA Request is driven HIGH by an external device when it desires that a 
DMA channel (Channel 0 or 1) perform a transfer. These signals are active 
HIGH, level-triggered, and internally synchronized. 



NMI 



46 



Non-Maskable Interrupt is an edge-triggered input which causes a type 2 
interrupt. NMI is not maskable internally. A transition from a LOW to HIGH 
initiates the interrupt at the next instruction boundary. NMI is latched inter- 
nally. An NMI duration of one clock or more will guarantee service. This input is 
internally synchronized. 



INTO, INT1, 



INT2/INTA0 
INT3/INTA1 



45,44 
42 
41 



I 

I/O 
I/O 



Maskable Interrupt Requests can be requested by strobing one of these pins. 
When configured as inputs, these pins are active HIGH. Interrupt Requests are 
synchronized internally. INT2 and INT3 may be configured via software to 
provide active-LOW interrupt-acknowledge output signals. All interrupt inputs 
may be configured via software to be either edge- or level-triggered. To ensure 
recognition, all interrupt requests must remain active until the interrupt is 
acknowleged. When iRMX mode is selected, the function of these pins 
changes (see Interrupt Controller section of this data sheet). 



A19/S6, 
A18/S5, 
A17/S4, 
A16/S3 



65-68 



O 
O 
O 
O 



Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most 
significant address bits during T-| . These signals are active HIGH. During T2, 
T3, Tyy, and T4, status information is available on these lines as encoded 
below: 





Low 


High 


S6 


Processor Cycle 


DMA Cycle 



S3.S4, and S5 are defined as LOW during T2-T4 



AD7-AD0 



2,4,6,8, 
11,13.15,17 



I/O 



Address/Data Bus (0-7) signals constitute the time mutiplexed memory or I/O 
address (T-|) and data (T2, T3, Tyv, and T 4 ) bus. The bus is active HIGH. 



A15-A8 



1,3,5,7 
10,12,14,16 



Address-only Bus (8-15), containing valid address from T1-T4. The bus is active 
HIGH. , 



S7 



64 



This signal is always HIGH to indicate that the 80188 has an 8-bit data bus, and is 
tri-state OFF during bus HOLD. 
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Table 1. 80188 Pin Description (Continued) 



Symbol 



Pin 
No. 



Type 



Name and Function 



ALE/QSO 



61 



Address Latch Enable/Queue Status 0 is provided by the 80188 to latch the 
address into the 8282/8283 address latches. ALE is active HIGH. Addresses are 
guaranteed to be valid on the trailing edge of ALE. The ALE rising edge is 
generated off the rising edge of the CLKOUT immediately preceding T-j of the 
associated bus cycle, effectively one-half clock cycle earlier than in the stan- 
dard 80188 The trailing edge is generated off the CLKOUT rising edge in T-j as 
in the 80188 Note that ALE is never floated. 



WR/QS1 



63 



Write Strobe/Queue Status 1 indicates that the data on the bus is to be written 
into a memory or an I/O device. WR is active for T2, T3, and Tyy of any write 
cycle. It is active LOW, and floats during "HOLD." It is driven HIGH for one clock 
during Reset, and then floated. When the 80188 is in queue status mode, the 
ALE/QSO and WR/QS1 pins provide information about processor/instruction 
queue interaction. 



QS1 


QS0 


Queue Operation 


0 


0 


No queue operation 


0 


1 


First opcode byte fetched from the queue 


1 


1 


Subsequent byte fetched from the queue < 


1 


0 


Empty the queue 



RD/QSMO 



62 



Read Strobe indicates that the 80188 is performing a memory or I/O read cycle. 
RD is active LOW for T2 , T3 , and Tyv of any read cycle. It is guaranteed not to go 
LOW in until after the Address Bus is floated. RD is active LOW, and floats 
during "HOLD." RD is driven HIGH for one clock during Reset, and then the 
output driver is floated. A weak internal pull-up mechanism on the RD line hols 
it HIGH when the line is not driven. During RESET the pin is sampled to 
determine whether the 80188 should provide ALE, WR, and RD, or if the 
Queue-Status should be provided. RD should be connected to GND to provide 
Queue-Status data. 



ARDY 



55 



Asynchronous Ready informs the 80188 that the addressed memory space or 
I/O device will complete a data transfer. The ARDY input pin will accept an 
asynchronous input, and is active HIGH. Only the rising edge is internally 
synchronized by the 80188. This means that the falling edge of ARDY must be 
synchronized to the 80188 clock. If connected to Vqc. no WAIT states are 
inserted. Asynchronous ready (ARDY) or synchronous ready (SRDY) must be 
active to terminate a b us c ycle. If unused, this line should be tied low. 



SRDY 



49 



Synchronous Ready must be synchronized externally to the 80188. The use of 
SRDY provides a relaxed system-timing specification on the Ready input. This is 
accomplished by eliminating the one-half clock cycle which is required for internally 
resolving the signal level when using the ARDY input. This line is active HIGH. If this 
line is connected to Vqc. no WAIT states are inserted. Asynchronous ready (ARDY) 
or synchronous ready (SRDY) must be active before a bus cycle is terminated. If 
unused, this line should be tied low. 



LOCK 



48 



LOCK output indi cates t hat other system b us mas ters are not to gain control of the 
system bus while LOCK is active LOW. The LOCK signal is requested by the LOCK 
prefix instruction and is activated at the beginning of the first data cycle associated 
with the instruction following t he LOC K prefix. It remains active until the co mpletio n 
of the inst ruction following the LOCK prefix. No prefetches will occur while LOCK is 
asserted. LOCK is- active LOW, is driven HIGH for one clock during RESET, and 
then floated. If unused, this line should be tied low. 
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Table 1. 80188 Pin Description (Continued) 



Symbol 



Pin 
No. 



Type 



Name and Function 



S0.S1.S2 



52-54 



Bus cycle status §0-S2 are encoded to provide bus-transaction information: 



80188 Bus Cycle Status Information 


S2 


S1 


so 


Bus Cycle Initiated 


0 


0 


0 


Interrupt Acknowledge 


0 


0 


1 


Read I/O 


0 


1 


0 


Write I/O 


0 


1 


1 


Halt 


1 


0 


0 


Instruction Fetch 


1 


0 


1 


Read Data from Memory 


1 


1 


0 


Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 



The status pins float during "HOLD.'' 

S2 may be used as a logical M/IO indicator, and SI as a DT/R indicator. 
The status lines are driven HIGH for one clock during Reset, and then floated 
until a bus cycle begins. 



HOLD (input) 
HLDA (output) 



50 
51 



I 

O 



HOLD indicates that another bus master is requesting the local bus. The HOLD 
input is active HIGH. HOLD may be asynchronous with respect to the 80188 
clock. The 80188 will issue a HLDA in response to a HOLD request at the end of 
T4 or T| . Simultaneous with the issuance of HLDA, the 80188 will float the local 
bus and control lines. After HOLD is detected as being LOW, the 80188 will 
lower HLDA. When the 80188 needs to run another bus cycle, it will again drive 
the local bus and control lines. 



UCS 



34 



Upper Memory Chip Select is an active LOW output whenever a memory 
reference is made to the defined upper portion (1K-256K block) of m emo ry. 
This line is not floated during bus HOLD. The address range activating UCS is 
software programmable. 



LCS 



33 



Lower Memory Chip Select is active LOW whenever a memory reference is 
made to the defined lower portion (1K-256K) of memory. Thi s line is not 
floated during bus HOLD. The address range activating LCS is software 
programmable. 



MCS0-3 



38,37,36,35 



Mid-Range Memory Chip Select signals are active LOW when a memory 
reference is made to the defined mid-range portion of memory (8K-512K). 
These lines are not floated during bus HOLD. The address ranges activating 
MCSO-3 are software programmable. 



PCSO-4 



25,27-30 



Peripheral Chip Select signals 0-4 are active LOW when a reference is made to 
the defined peripheral area (64K byte I/O space). The se line s are not floated 
during bus HOLD. The address ranges activating PCS0-4 are software 
programmable. 



PCS5/A1 



31 



Peripheral Chip Select 5 or Latched A1 may be programmed to provide a sixth 
peripheral chip select, or to provide an internally latched A1 signal. The 
address range activating PCS5 is so ftware programmable. When programmed 
to provide latched A1, rather than PCS5, this pin will retain the previously 
latched value of A1 during a bus HOLD. A1 is active HIGH. 



PCS6/A2 



32 



O , 



Peripheral Chip Select 6 or Latched A2 may be programmed to provide a 
seventh peripheral chip select, or to provide an internally latched A2 signal. 
The address range activating PCS6 is softwa re pro grammable. When pro- 
grammed to provide latched A2, rather than PCS6, this pin will retain the 
previously latched value of A2 during a bus HOLD. A2 is active HIGH. 



DT/R 



40 



Data Transmit/Receive controls the direction of data flow through the external 
8286/8287 data bus transceiver. When LOW, data is transferred to the 80188. 
When HIGH the 80188 places write data on the data bus. 



DEN 



39 



Data Enable is provided as an 8286/8287 data bus tra nsceiv er output enable. 
DEN_is active LOW during each memory and I/O access. DEN is HIGH whenever 
DT/R changes state. 
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FUNCTIONAL DESCRIPTION 
Introduction 

The following Functional Description describes the 
base architecture of the iAPX 188. This architecture is 
common to the iAPX 86, 88, and 286 microprocessor 
families as well. The iAPX 186 is a very high integration 
8-bit microprocessor. It combines 15-20 of the most 
common microprocessor system components onto one 
chip while providing twice trie performance of the 
standard iAPX 88. The 80188 is object code compatible 
with the iAPX 86, 88 microprocessors and adds 10 new 
instruction types to the existing iAPX 86, 88 instruction 
set. 

iAPX 188 BASE ARCHITECTURE 

The iAPX 86, 88, 186, 188, and 286 family all contain the 
same basic set of registers, instructions and addressing 
modes. The 80188 processor is upward compatible 
with the 8086, 8088, 80186, and 80286 CPUs. 

Register Set 

The 80188 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 

General Registers 

Eight 16-bit general purpose registers used to con- 
tain arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers 
or split into pairs of separate 8-bit registers. 



Segment Registers 

Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are immedi- 
ately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 

Base and Index Registers 

Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers m^y contain base ad- 
dresses or indexes to particular locations within a 
segment. The addressing mode selects the specific 
registers for operand and address calculations. 

Status and Control Registers 

Two 16-bit special purpose registers record or alter 
certain aspects of the 80188 processor state. These 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 



Status Word Description 

The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 1 1 ) and controls the operation of the 
80188 within a given operating mode (bits 8, 9, and 
10). The Status Word Register is 16-bits wide. The 
function of the Status Word bits is shown in Table 2. 



16-BIT 
REGISTER 
NAME 




SPECIAL 
REGISTER 
FUNCTIONS 












7 0 


7 0 






15 0 




BYTE 

ADDRESSABLE 
(8-BIT 

REGISTER < 

NAMES 

SHOWN) 


AX 


AH 


AL 


I MULTIPLY/DIVIDE 


CS 




CODE SEGMENT SELECTOR 


DX 


DH 


DL 


/ I/O INSTRUCTIONS 


DS 




DATA SEGMENT SELECTOR 


CX 


CH 


CL 


^ LOOP/SHIFT/REPEAT/COUNT 


SS 




STACK SEGMENT SELECTOR 


BX 


BH 


BL 


| BASE REGISTERS 


ES 




EXTRA SEGMENT SELECTOR 




BP 








SEGMENT REGISTERS 






SI 




| INDEX REGISTERS 




15 0 






Dl 




F 




STATUS WORD 




SP 




J STACK POINTER 


IP 




INSTRUCTION POINTER 






15 6 
GENERAL 
REGISTERS 




/ 


STATUS AND CONTROL 
REGISTERS 





Figure 3a. 80188 General Purpose Register Set 



3-444 AFN-01483A 



iAPX 188 



STATUS FLAGS 
CARRY 
PARITY 
AUXILIARY CARRY 
ZERO 
SIGN 
- OVERFLOW 



15 



14 



13 



STATUS WORD: 



1- 




k\\\\i 



CONTROL FLAGS 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 




INTEL RESERVED 



Figure 3b. Status Word Format 



Table 2. Status Word Bit Functions 



Rit 

Position 


Name 


Function 


0 


CF 


Carry Flag — Set on high-order bit 
carry or borrow; cleared otherwise 


2 


PF 


Parity Flag — Set if low-order 8 bits 
of result contain an even number of 
1 -bits; cleared otherwise 


4 


AF 


Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 


6 


ZF 


Zero Flag-Set if result is zero, 
cleared otherwise 


7 


SF 


Sign Flag — Set equal to high-order 
bit of result (0 if positive, 1 if negative) 


8 


TF 


Single Step Flag — Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt 


9 


IF 


Interrupt-enable Flag — When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 


10 


DF 


Direction Flag — Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 


11 


OF 


Overflow Flag — Set if the signed 
result cannot be expressed 
within the number of bits in the 
destination operand; cleared 
otherwise 



Instruction Set 

The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 



manipulation, control transfer, high-level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 

An 80188 instruction can reference anywhere from 
zero to several operands. An operand can reside in a 
register, in the instruction itself, or in memory. Spe- 
cific operand addressing modes are discussed later 
in this data sheet. 

Memory Organization 

Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K 
(2 16 ) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 
16-bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment registers (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 5). 
This allows for a 1 MByte physical address size. 

All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen- 
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
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PKIUKfflOIMI^f 



GENERAL PURPOSE 


MOV 


* Move byte or word 


PUSH 


Push word onto stack 


POP 


Pop word off stack 


PUSHA 


Push all registers on stack 


POPA 


Pop all registers from stack 


XCHG 


Exchange byte or word 


XLAT 


Translate byte 


INPUT/OUTPUT 


IN 


Input byte or word 


OUT 


Output byte or word 


ADDRESS OBJECT 


LEA 


Load effective address 


LDS 


Load pointer using DS 


LES 


Load pointer using ES 


FLAG TRANSFER 


LAHF 


Load AH register from flags 


SAHF 


Store AH register in flags 


PUSHF 


Push flags ontb stack 


POPF 


Pop flags off stack 



MOVS 


Move byte or word string 


INS 


Input bytes or word string 


OUTS 


Output bytes or word string 


CMPS 


Compare byte or word string 


SCAS 


Scan byte or word string 


LODS 


Load byte or word string 


STOS 


Store byte or word string 


REP 


Repeat 


REPE/REPZ 


Repeat while equal/zero 


REPNE/REPNZ 


Repeat while not equal/not zero 



ADDITION 


ADD 


Add byte or word 


ADC 


Add byte or word with carry 


INC 


Increment byte or word by 1 


AAA 


ASCII adjust for addition 


DAA 


Decimal adjust for addition 


SUBTRACTION 


SUB 


Subtract byte or word 


SBB 


Subtract byte or word with borrow 


DEC 


Decrement byte or word by 1 


NEG 


Negate byte or word 


CMP 


Compare byte or word 


AAS 


ASCII adjust for subtraction 


DAS 


Decimal adjust for subtraction 


MULTIPLICATION 


MUL 


Multiply byte or word unsigned 


IMUL 


Integer multiply byte or word 


AAM 


ASCII adjust for multiply 


DIVISION 


DIV 


Divide byte or word unsigned 


IDIV 


integer divide byte or word 


AAD 


ASCII adjust for division 


CBW 


Convert byte to word 


CWD 


Convert word to doubleword 



LOGICALS 


NOT 


"Not" byte or word 


AND 


"And" byte or word 


OR 


"Inclusive or" byte or word 


XOR 


"Exclusive or" byte or word 


TEST 


"Test" byte or word 


SHIFTS 


SHL/SAL 


Shift logical/arithmetic left byte or word 


n SHR 


Shift logical right byte or word 


SAR 


Shift arithmetic right byte or word 


ROTATES 


ROL 


Rotate left byte or word 


ROR 


Rotate right byte or word 


RCL 


Rotate through carry left byte or word 


RCR 


Rotate through carry right byte or word 



FLAG OPERATIONS 


STC 


Set carry flag 


CLC 


Clear carry flag 


CMC 


Complement carry flag 


STD 


Set direction flag 


CLD 


Clear direction flag 


STI 


Set interrupt enable flag 


CLI 


Clear interrupt enable flag 


EXTERNAL SYNCHRONIZATION 


HLT 


Halt untif interrupt or reset 


WAIT 


Wait for TEST pin active 


ESC 


Escape to extension processor 


LOCK 


Lock bus during next instruction 


NO OPERATION 


NOP No operation 


HIGH LEVEL INSTRUCTIONS 


ENTER 


Format stack for procedure entry 


LEAVE 


Restore stack for procedure exit 


BOUND 


Detects values outside prescribed range 



Figure 4. iAPX 188 Instruction Set 
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CONDITIONAL TRANSFERS 


UNCONDITIONAL TRANSFERS 


JA/JNBE 


Jump if above/not below nor equal 


CALL ' 


Call procedure 


JAE/JNB 


Jump if above or equal/not below 


RET 


Return from procedure 


JB/JNAE 


Jump if below/not above nor equal 


JMP 


Jump 


JBE/JNA 


Jump if below or equal/not above 


JC 


Jump if carry 


ITERATION CONTROLS 


JE/JZ 


Jump if equal/zero 


LOOP 


Loop 


JG/JNLE 


Jump if greater/not less nor equal 


JGE/JNL 


Jump if greater or equal/not less 


LOOPE/LOOPZ 


Loop if equal/zero 


JL/JNGE 


Jump if less/not greater nor equal 


LOOPNE/LOOPNZ 


Loop if not equal/not zero 


JLE/JNG 


Jump if less or equal/not greater 


JCXZ 


Jump if register CX = 0 


JNC 


Jump if not carry 


JNE/JNZ 


Jump if not equal/not zero 


INTERRUPTS 


JNO 


Jump if not overflow 


INT 


Interrupt 


JNP/JPO 


Jump if not parity/parity odd 


JNS 


Jump if not sign 


INTO 


Interrupt if overflow 


JO 


Jump if overflow 


IRET 


Interrupt return , 


JP/JPE 


Jump if parity/parity even 


JS 


Jump if sign 



Figure 4. iAPX 188 Instruction Set (continued) 



To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg- 
ment) and offset values. 



SHIFT LEFT 4 BITS f 



r 

Ll 



_ 

2 3 4 1 0 1 

_-J 1 

» 0 



0 0 2 2. [OFFSET 



0 | 0 0 2 2 1 

2 3 6 2 | PHYSICAL ADDRESS 



Figure 5. Two Component Address 
Table 3. Segment Register Selection Rules 



Memory 


Segment 




Reference 


Register 


Implicit Segment 


Needed 


Used 


Selection Rule 


Instructions 


Code (CS) 


Instruction prefetch and 
immediate data. 


Stack 


Stack (SS) 


All stack pushes and 
pops; any memory refer- 
ences which use BP Reg- 
ister as a base register. 


External 


Extra (ES) 


All string instruction 


Data 




references which use 


(Global) 




the Dl register as an 
index. 


Local Data 


Data (DS) 


All other data references. 



PROCESS 
STACK 



PROCESS 
DATA 
BLOCK 1 



PROCESS 
DATA 
BLOCK 2 



SEGMENT 
REGISTERS 



I I 

L J 

MEMORY 



Figure 6. Segmented Memory Helps 
Structure Software 
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Addressing Modes 

The 80188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 

• Register Operand Mode: The operand is located in 
one of the 8- or 16-bit general registers. 

• Immediate Operand Mode: The operand is in- 
cluded in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicity 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address 
elements: 

• the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 

• the base (contents of either the BX or BP base 
registers); and 

• the index (contents of either the SI or Dl index 
registers). 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 

Combinations of these three address elements 
define the six memory addressing modes, described 
below. 

• Direct Mode: The operand's offset is contained in 
. the instruction as an 8- or 16-bit displacement 

element. 

• Register Indirect Mode: The operand's offset is in 
one of the registers SI, Dl, BX, or BR 

• Based Mode: The operand's offset is the sum of an 
8- or 16-bit displacement and the contents of a 
base register (BX or BP). 

• Indexed Mode: The operand's offset is the sum of 
an 8- or 1 6-bit displacement and the contents of an 
index register (SI or Dl). 

• Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an index 
register. 

• Based Indexed Mode with Displacement: The 
operand's offset is the sum of a base register's 
contents, an index register's contents, and an 8- or 
16-bit displacement. 



Data Types 

The 80188 directly supports the following data types: 

• Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. Signed 

32- and 64-bit integers are supported using the 
iAPX 188/20 Numeric Data Processor. 

• Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset 
component. 

• String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 

• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 

• BCD: A byte (unpacked) representation of the de- 
cimal digits 0-9. 

• Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in each 
nibble (4-bits) of the byte. 

• Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using the iAPX 188/20 Numeric Data 
Processor configuration.) 

In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically 
represents the data types supported by the iAPX 188. 

I/O Space 

The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the 
instruction, or a 16-bit port address in the DX regis- 
ter. 8-bit port addresses are zero extended such that 
A 15 -A 8 are LOW. I/O port addresses 00F8(H) through 
00FF(H) are reserved. 

Interrupts 

An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter? 
rupts fall into three classes: hardware initiated, INT. 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or 
maskable. 
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UNSIGNED I I M I I I I I 
BYTE I 



SIGNED I I I I I M I I I I I I I I I I 
WORD 1 I 



SIGN BIT J | L MSB 



SIGNED 31 * ° + c 16 15 ^ 1 " Q 

double | | H |! M| iii|iii|iii |M i| m[n rj 

SIGN BIT -J |I-MSB | 

MAGNITUDE 

. +7 +6 +5 +4 +3' +2 +1 0 
SIGNED 63 48 47 32 31 1615 0 

jss 11 1 1 1 1 i~r~n 



MAGNITUDE 



UNSIGNED I M ! I I I I I I I I I ! I I I 
WORD I 1 I 1 I 



1 1 - MSB 



BINARY 



CODED |" T 
DECIMAL 
(BCD) 



l I 1 [ 11 1 l 



l 1 1 1 I 1 1 1 I l l l I l l l 



BCD 
DIGIT N 

, +N Q 
I I I I I I I I 



ASCII 
CHARACTER N 



PACKED 
BCD 



BCD BCD 
DIGIT 1 DIGIT 0 



I M I I I I I M I I I I II I 



ASCII ASCII 
CHARACTER1 CHARACTERq 



| I I I | I I I | m m t | I I I j I I I | I I I [ I I I | 



MOST 

SIGNIFICANT DIGIT 



LEAST 
SIGNIFICANT DIGIT 



stb.no I 1 "!'") ••• I" 1 ! 1 "! 1 "!'"! 

BYTE WORD N BYTE WORD 1 BYTE WORC 

31 +3 +2 1615 +1 0 0 

pointer i'"!'"!'"!"'!'"!'"!'"''"! 



SELECTOR OFFSET 
+ 9 +8 +7 +6 +5 +4 +3 



FLOATING | 
POINT* 



EXPONENT 



MAGNITUDE 



NOTE: 

♦SUPPORTED BY lAPX 188/20 NUMERIC DATA PROCESSOR 
CONFIGURATION 



Figure 7. IAPX 188 Supported Data Types 



Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by ex- 
ecuting an ESC instruction with the ESC trap bit set 
in the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride prefix immediately preceding the ESC instruc- 
tion if the prefix was present. In all other cases, the 
return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 

A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. 
Interrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80188 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80188 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and non- 
cascaded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware in- 
itiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 

Interrupt Sources 

The 80188 can service interrupts generated by soft- 
ware or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OR etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruction. 
Thus, the software interrupts will begin service first. 
Once the service routine is entered and interrupts 
are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 

The software generated 80188 interrupts are described 
below. 

DIVIDE ERROR EXCEPTION (TYPE 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 
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Table 4. 80188 Interrupt Vectors 





Vector 


Default 


Related 


Interrupt Name 


Type 


Priority 


Instructions 


Divide Error 


0 


*1 


DIV, IDIV 


Exception 








Single Step 


1 


12**2 


All 


Interrupt 








NMI 


2 


1 


All 


Breakpoint 


3 


*1 


INT 


Interrupt 








INTO Detected 


4 


*1 


INTO 


Overflow 








Exception 








Array Bounds 


5 


*1 


BOUND 


Exception 








Unused-Opcode 


6 


*1 


Undefined 


Exception 






Opcodes 


LOU V|^vUUC 


7 


*-\ *** 




Exception 








Timer 0 Interrupt 


8 


2A**** 




Timer 1 Interrupt 


18 


2B**** 




Timer 2 Interrupt 


19 


2C**** 




Reserved 


9 


3 




DMA 0 Interrupt 


10 


4 




DMA 1 Interrupt 


11 


5 




INTO Interrupt 


12 


6 




INT1 Interrupt 


13 


7 




INT2 Interrupt 


14 


8 




INT3 Interrupt 


15 


9 





NOTES: 

*1. These are generated as the result of an instruction 

execution. 
**2 This is handled as in the 8088 
****3 All three timers constitute one source of request to the 
interrupt controller The Timer interrupts all have the same 
default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves (Priority 2A is higher priority than 
28.) Each Timer interrupt has a separate vector type 
number 

4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique 
priority level 

***5. An escape opcode will cause a trap only if the proper bit is 
set in the peripheral control block relocation register. 



SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag is set. 
Interrupts will not be generated after prefix instruc- 
tions (e.g., REP), instructions which modify segment 
registers (e.g., POP DS), or the WAIT instruction. 

NON-MASKABLE INTERRUPT— NMI (TYPE 2) 

An external interrupt source which cannot be 
masked. 

BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 



INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4) 

Generated during an INTO instruction if the OF bit is 
set. 

ARRAY BOUNDS EXCEPTION (TYPE 5) 

Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 

UNUSED OPCODE EXCEPTION (TYPE 6) 

Generated if execution is attempted on undefined 
opcodes. 

ESCAPE OPCODE EXCEPTION (TYPE 7) 

Generated if execution is attempted of ESC opcodes 
(D8H-DFH). This exception will only be generated if a 
bit in the relocation register is set. The return ad- 
dress of this exception will point to the ESC instruc- 
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad- 
dress will point to the segment override prefix. 

Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80188 provides maskable hardware in- 
terrupt request pins INT0-INT3. In addition, 
maskable interrupts may be generated by the 80188 
integrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown in 
table 4. Software enables these inputs by setting the 
interrupt flag bit (IF) in the Status Word. The interrupt 
controller is discussed in the peripheral section of 
this data sheet. 

Further maskable interrupts are disabled while 
servicing an interrupt because the IF bit is reset as 
part of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of the 
processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80188 will immediately service the 
highest-priority interrupt pending, i.e., no instruc- 
tions of the main line program will be executed. 

Noh-Maskable Interrupt Request (NMI) 

A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
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causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 

Single-Step Interrupt 

The 80188 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is called 
the single-step interrupt and is controlled by the 
single-step flag bit (TF) in the Status Word. Once this 
bit is set, an internal single-step interrupt will occur 
after the next instruction has been executed. The 
interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 

Initialization and Processor Reset 

Processor initia lization or startupjs accomplished by 
driving the RES input pin LOW. RES forces the 801 88 to 
terminate all execution and local bus activity. No 
instructiono r bus activity will occur as long as RES is 
active. After RES becomes inactive and an internal pro- 
cessing interval elapses, the 80188 begins execution 
withthe instruction at physical location FFFFO(H). RES 
also sets some registers to predefined values as shown 
in Table 5. ' 



Table 5. 801 88 Initial Register State after RESET 



Status Word 


F002(H) 


Instruction Pointer 


0000(H) 


Code Segment 


FFFF(H) 


Data Segment 


0000(H) 


Extra Segment 


0000(H) 


Stack Segment 


0000(H) 


Relocation Register 


20FF(H) 


UMCS / 


FFFB(H) 



THE 80188 COMPARED TO THE 80186 



The 801 88 CPU is an 8-bit processor designed around 
the 801 86 internal structure. Most internal functions of 
the 80188 are identical to the equivalent 80186 func- 
tions. The 80188 handles the external bus the same 
way the 80186 does with the distinction of handling 
only 8 bits at a time. Sixteen bit operands are fetched 
or written in two consecutive bus cycles. Both proces- 
sors will appear identical to the software engineer, 
with the exception of execution time. The internal 
register structure is identical and all instructions have 



the same end result. The differences between the 
80188 and 80186 are outlined below. Internally, there 
are three differences between the 80188 and the 
801 86. All changes are related to the 8-bit bus interface. 

• The queue length is 4 bytes in the 80188, whereas 
the 80186 queue contains 6 bytes, or three words. 
The queue was shortened to prevent overuse of the 
bus by the BIU when prefetching instructions. This 
was required because of the additional time neces- 
sary to fetch instructions 8 bits at a time. 

• To further optimize the queue, the prefetching algo- 
rithm was changed. The 80188 BIU will fetch a new 
instruction to load into the queue each time there is 
a 1-byte hole (space available) in the queue. The 
80186 waits until a 2-byte space is available. 

• The internal execution time of the instruction is 
affected by the 8-bit interface. AH 16-bit fetches and 
writes from/to memory take an additional four clock 
cycles. The CPU may also be limited by the speed of 
instruction fetches when a series Of simple opera- 
tions occur. When the more sophisticated instruc- 
tions of the 80188 are being used, the queue has 
time to fill and the execution proceeds as fast as the 
execution unit will allow. 

The 801 88 and 801 86 are completely software compat- 
ible by virture of their identical execution units. Soft- 
ware that is system dependent may not be completely 
transferable, but software that is not system depen- 
dent will operate equally well on an 801 88 or an 801 86. 

The hardware interface of the 80188 contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however, with the 
following functional changes. 

• A8-A15— These pins are only address outputs on 
the 801 88. These address lines are latched internally 
and remain valid throughout a bus cycle in a manner 
simil ar to the 8085 upper address lines. 

• BHE has no meaning on the 80188 and has been 
eliminated. 

iAPX 188 CLOCK GENERATOR 

The iAPX 188 provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 
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Oscillator 



The oscillator circuit of the iAPX 188 is designed to 
be used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the iAPX 186. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is not 
recommended with this oscillator. If an external oscil- 
lator is used, it can be connected directly to input pin 
X1 in lieu of a crystal. The oujtput of the oscillator is 
not directly available outside the iAPX 188. The 
recommended crystal configuration is shown in 
Figure 8. 




, 20pF 



, 20pF 



80186 (8 MHz) 



80186-6 (6 MHz) 



Figure 8. Recommended iAPX 188 Crystal 
Configuration 

Clock Generator 

The iAPX 188 clock generator provides the 50% duty 
cycle processor clock for the iAPX 188. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the falling 
edge of the oscillator signal. The CLKOUT pin pro- 
vides the processor clock signal for use outside the 
iAPX 188. r This may be used to drive other system 
components. All timings are referenced to the output 
clock. 

READY Synchronization 

The iAPX 188 provides both synchronous and asynch- 
ronous ready inputs. Asynchronous ready synchroniza- 
tion is accomplished by circuitry which samples ARDY 
in the middle of T 2 , T 3 and again in the middle of each T w 
, until ARDY is sampled HIGH. One-half CLKOUT cycle 
of resolution time is used. Full synchronization is per- 
formed only pnthe rising edge of ARDY, i.e., the falling 



edge of ARDY must be synchronized to the CLKOUT 
signal if it will occur during T 2 , T 3 or T w . HIGH-to-LOW 
transitions of ARDY must be performed synchronously 
to the CPU clock. 

A second ready input (SRDY) is provided to interface 
with externally synchronized ready signals. This input is 
sampled at the end of T 2 , T 3 and again at the end of each 
T w until it is sampled HIGH. By using this input rather 
than the asynchronous ready input, the half-clock cycle 
resolution time penalty is eliminated. 

This input must satisfy set-up and hold times to 
guarantee proper operation of the circuit. 

In addition, the iAPX 188, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 

RESET Logic 

The iAPX 188 provides both a RES input pin and a 
synchronized RE SET.p in for use with other system 
components. The RES input pin on the iAPX 188 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guarant eed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be d elayed up to two and one-half clocks behind 
RES. 

Multiple iAP X 188 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal count- 
er in the clock generator. In order to insure that the 
divide-by-two counters all begin coun ting at the 
same time, the active going edge of RES must satisfy 
a 25 ns setup time before the falling edge of the 
80188 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, the 
reset must satisfy a 25 ns setup time before the rising 
edge of the CLKOUT signal of all the processors. 
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Oscillator 

The oscillator circuit of the iAPX 188 is designed to 
be used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the iAPX 1 86. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is not 
recommended with this oscillator. If an external oscil- 
lator is used, it can be connected directly to input pin 
X1 in lieu of a crystal. The output of the oscillator is 
not directly available outside the iAPX 188. The 
recommended crystal configuration is shown in 
Figure 8. 




Figure 8. Recommended iAPX 188 Crystal 
Configuration 

Clock Generator 

The iAPX 188 clock generator provides the 50% duty 
cycle processor clock for the iAPX 188. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the falling 
edge of the osciflator signal. The CLKOUT pin pro- 
vides the processor clock signal for use outside the 
iAPX 188., This may be used to drive other system 
components. All timings are referenced to the output 
clock. 

READY Synchronization 

The iAPX 188 provides both synchronous and asynch- 
ronous ready inputs. Asynchronous ready synchroniza- 
tion is accomplished by circuitry which samples ARDY 
in the middle of T 2> T 3 and again in the middle of each T w 
until ARDY is sampled HIGH. One-half CLKOUT cycle 
of resolution time is used. Full synchronization is per- 
formed only onthe rising edge of ARDY, i.e., the falling 



edge of ARDY must be synchronized to the CLKOUT 
signal if it will occur during T 2 , T 3 or T w . HIGH-to-LOW 
transitions of ARDY must be performed synchronously 
to the CPU clock. 

A second ready input (SRDY) is provided to interface 
with externally synchronized ready signals. This input is 
sampled at the end of T 2> T 3 and again at the end of each 
T w until it is sampled HIGH. By using this input rather 
than the asynchronous ready input, the half-clock cycle 
resolution time penalty is eliminated. 

This input must satisfy set-up and hold times to 
guarantee proper operation of the circuit. 

In addition, the iAPX 188, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 

RESET Logic 

The iAPX 188 provides both a RES input pin and a 
synchronized RE SET p in for use with other system 
components. The RES input pin on the iAPX 188 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guarant eed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be d elayed up to two and one-half clocks behind 
RES. 

Multiple iAP X 188 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal count- 
er in the clock generator. In order to insure that the 
divide-by-two counters all begin coun ting at the 
same time, the active going edge of RES must satisfy 
a 25 ns setup time before the falling edge of the 
80188 ciock input, in addition, in order to insure that 
all CPUs begin executing in the same clock cycle, the 
reset must satisfy a 25 ns setup time before the rising 
edge of the CLKOUT signal of all the processors. 
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INTERNAL PERIPHERAL INTERFACE 

All the iAPX 188 integrated peripherals ar6 con- 
trolled via 16-bit registers contained within an inter- 
nal 256-byte control block. This control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(i.e., the RD, WR, status, address, data, etc., lines will 
be driven as in a normal bus cycle), but D 7 . 0 , SRDY, 
and ARDY will be ignored. The base address of the 
control block must be on an even 256-byte boundary 
(i.e., the lower 8 bits of the base address are all 
zeros). All of the defined registers within this control 
block may be read or written by the 80188 CPU at any 
time. The location of any register contained within 
the 256-byte control block is determined by the cur- 
rent base address of the control block. 

The control block base address is programmed via a 
16-bit relocation register contained within the con- 
trol block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. Note 
that mapping the control register block into an ad- 
dress range corresponding to a chip-select range is 
not recommended (the chip select circuitry is dis- 
cussed later in this data sheet). In addition, bit 12 of 
this register determines whether the control block 
will be mapped into I/O or memory space. If this bit is 
1 , the control block will be located in memory space, 
whereas if the bit is 0, the control block will be lo- 
cated in I/O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad- 
dresses are only 16 bits wide). 

In addition to providing relocation information for 
the control block, the relocation register contains 
bits which place the interrupt controller into iRMX 
mode, and cause the CPU to interrupt upon en- 
countering ESC instructions. At RESET, the reloca- 
tion register is set to 20FFH. This causes the control 
block to start at FF00H in I/O space. An offset map 
of the 256-byte control register block is shown in 
Figure 10. 



The integrated iAPX 188 peripherals operate seml- 
autonomously from the CPU. Access to them for the 
most part is via software read/write of the control and 
data locations in the control block. Most of these 
registers can be both read and written. A few 
dedicated lines, such as interrupts and DMA request 
provide real-time communication between the CPU 
and peripherals as in a more conventional system 
utilizing discrete peripheral blocks. The overall inter- 
action and function of the peripheral blocks has not 
substantially changed. The data access from/to the 
256-byte internal control block will always be 16-bit 
and done in one bus cycle. 

CHIP-SELECT/READY GENERATION 
LOGIC 

The iAPX 188 contains logic which provides pro- 
grammable chip-select generation for both 
memories and peripherals. In addition, it can be pro- 
grammed to provide READY (or WAIT state) genera- 
tion. It can also provide latched address bits A1 and 
A2. The chip-select lines are active for all memory 
and I/O cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
DMA unit. 

Memory Chip Selects 

The iAPX 188 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, 
arid midrange! memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 

The range for each chip select is user-programmable 
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K 
(plus 1K and 256K for upper and lower chip selects). 
In addition, the beginning or base address of the 
midrange memory chip select may also be selected. 
Only one chip select may be programmed to be ac- 
tive for any memory location at a time. All chip select 
sizes are in bytes. 
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15 14 13 12 11 
OFFSET: FEH| ET |RMx| X |m/IO| 



Relocation Address Bits R19-R8 



ET = ESC Trap / No ESC Trap (1/0) 
M/IO = Register block located in Memory / I/O Space (1/0) 
RMX = Normal Interrupt Controller mode / IRMX compatible 
Interrupt Controller mode (0/1) 



Figure 9. Relocation Register 



Relocation Register 



DMA Descriptors Channel 1 



DMA Descriptors Channel 0 



Chip-Select Control Registers 



Timer 2 Control Registers 



Timer 1 Control Registers 



Timer 0 Control Registers 



Interrupt Controller Registers 



.OFFSET 
FEH 



DAH 
DOH 



CAH 
COH 



A8H 
AOH 



60H 
5EH 

58H 
56H 



3EH 
20H 



Table 7. UMCS Programming Values 



Figure 10. Internal Register Map 



Upper Memory CS 

The iAPX 188 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually used 
as the system memory because after reset the iAPX 
188 begins executing at memory location FFFFOH. 

The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 



Starting 






Address 


Memory 


UMCS Value 


(Base 


Block 


(Assuming 


Address) 


Size 


R0=R1=R2=0) 


FFC00 


1K 


FFF8H 


FF800 


2K 


FFB8H 


FF000 


4K 


FF38H 


FE000 


8K 


FE38H 


FC000 


16K 


FC38H 


F8000 


32K 


F838H 


F0000 


64K 


F038H 


E0000 


128K 


E038H 


COOOO 


256K 


C038H 



The lower limit ot this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad- 
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 

Any internally generated 20-bit address whose upper 
16 bits are greater than or equal to UMCS (with bits 
0-5 "0") will cause UCS to be activated. UMCS bits 
R2-R0 are used to specify READY mode for the area 
of memory defined by this chip-select register, as 
explained below. 

Lower Memory CS 

The iAPX 188 provides a chip select for low memory 
called LCS. The bottom of memory contains the inter- 
rupt vector table, starting at location 00000H. 

The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is also defined. Table 8 shows the 
relationship between the upper address selected and 
the size of the memory block obtained. 
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Figure 13. MPCS Register 
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Figure 14. MMCS Register 



MMCS bits R2-R0 specify READY mode of operation 
for ail mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 

The 51 2K block size for the mid-range memory chip 
selects is a special case. When using 512K, the base 
address would have to be at either locations 00000H 
or 80000H. If it were to be programmed at 0OOO0H 
when the LCS line was programmed, there would be 
an internal conflict between the LCS ready genera- 
tion logic and the MCS ready generation logic. 
Likewise, if the base address were programmed at 
80000H, there would be a conflict with the UCS ready 
generation logic. Since the LCS chip-select line does 
not become active until programmed, while the UCS 
line is active at reset, the memory base can be set 
only at 00000 H. If this base address is selected, 
however, the LCS range must not be programmed. 

Peripheral Chip Selects 

The iAPX 188 can generate chip selects for up to 
seven peripheral devices. These chip selects are ac- 
tive for seven contiguous blocks of 128 bytes above a 
programmable base address. This base address may 
be located in either memory or I/O space. 

Seven CS lines called PCSO-6 are generated by the 
iAPX 188. The base address is user-programmable; 



however it can only be a multiple of 1K bytes, i.e., the 
least significant 10 bits of the starting address are 
always 0. 



PCS5 and PCS6 can also be programmed to provide 
latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, A1 pins used for 
selecting internal registers of 8-bit peripheral chips. 
This scheme simplifies the hardware interface be- 
cause the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bound- 
aries in I/O space or memory space where only the 
Iqwer 8-bits of the register are significant: the upper 
8-bits are "don't cares." 



The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 15). 
This register is located at offset A4H in the internal 
control block. Bits 15-6 'of this register correspond to 
bits 19-10 of the 20-bit Programmable Base Address 
(PBA) of the peripheral chip-select block. Bits 9-0 of 
the PBA of the peripheral chip-select block are all 
zeros, if the chip-select block is located in I/O space, 
bits 12-15 must be programmed zero, since the I/O 
address is only 16 bits wide. Table 10 shows the 
address range of each peripheral chip select with 
respect to the PBA contained in PACS register. 
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Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0- 2 
are used to specify READY mode for PCS0-PCS3. 



Table 10. PCS Address Ranges 



PCS Line 


Active between Locations 


PCSO 


PBA — PBA+127 


PCS1 


PBA+128— PBA+255 


PCS2 


PBA+256 — PBA+383 


PCS3 


PBA+384 — PBA+511 


PCS4 


PBA+512 — PBA+639 


PCS5 


PBA+640 — PBA+767 


PCS6 


PBA+768 — PBA+895 



The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used to 
set the size of the mid-range memory chip-select 
block, see Figure 16). This register is located at offset 
A8H in the internal c ontrol blo ck. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 1 1 de- 
scribes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be .active until both of the MPCS and PACS regis- 
ters are accessed. 



Table 11. MS, EX Programming Values 



Bit 


Description 


MS 
EX 


1 = Peripherals mapped into memory space. 
0 = Peripherals mapped into I/O space. 
0=5 PCS lines. A1, A2 provided. 
1=7 PCS lines. A1 , A2 are not provided. 



MPCS bits 0 -2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 

READY Generation Logic 

The iAPX 188 can generate a "READY" signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for which 
the chip select is active. In addition, the iAPX 188 may 
be programmed to either ignore external READY for 



each chip-select range individually or to factor exter- 
nal READY with the integrated ready generator. 

READY control consists of 3 bits for each CS line or 
group of lines generated by the iAPX 188. The inter- 
pretation of the ready bits is shown in Table 12. 



Table 12. READY Bits Programming 



R2 


R1 


R0 


Number of WAIT States Generated 


0 


0 


0 


0 wait states, external RDYalso used. 


0 


0 


1 


1 wait state inserted, external RDYalso 








used. 


0 


1 


0 


2 wait states inserted, external RDYalso 








used. 


0 


1 


1 


3 wait states inserted, external RDYalso 








used. 


1 


0 


0 


0 wait states, external RDY ignored. 


1 


0 


1 


1 wait state inserted, external RDY 








ignored. 


1 


1 


0 


2 wait states inserted, external RDY 








ignored. 


1 


, 1 


1 


3 wait states inserted, external RDY 








ignored. 



The internal ready generator operates in parallel with 
external READY, not in series if the external READY 
is used (R2 = 0). This means, for example, if the 
internal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 
signal. Note that the external ARDYand SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 

R2-R0 of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the pe ripheral chip selects: R2-R0 of PACS 
set the P CS0-3 READY mode, R2-R0 of MPCS set 
the PCS4-6 READY mode. 

Chip Select/Ready Logic and Reset 

Upon reset, the Chip-Select/Ready Logic will per- 
form the following actions: 

• All chip-select outputs will be d riven HIGH. 

• Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1 K block with 
the accompanying READY control bits set at 01 1 to 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
OFFSET: A8H \ 1 | M6 [ M5 [ M4 | M3 | M2 | M1 | M0 | EX | MS | 1 [ 1 [ 1 j R2 | R1 | W~| 



Figure 16. MPCS Register 
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Figure 18. DMA Control Register 



DMA Channel Control Word Register 

Each DMA Channel Control Word determines the 
mode of operation for the particular 80188 DMA 
channel. This register specifies: 

• the mode of synchronization; 

• whether interrupts will be generated after the last 
transfer; 

• whether DMA activity will pease after a pro- 
grammed number of DMA cycles; 

• the relative priority of the DMA channel with 
respect to the other DMA channel; 

• whether the source pointer will be incremented, 7 
decremented, or. maintained constant after each 
transfer; 

• whether the source pointer addresses memory or 
I/O space; 

• whether the destination pointer will be incre- 
mented, decremented, or maintained constant af- 
ter each transfer; and 

• whether the destination pointer will address 
/nemory or I/O space. 

The DMA channel control registers may be changed 
while the channel is operating. However, any 
changes made during operation will affect the cur- 
rent DMA transfer. 



DMA Control Word Bit Descriptions 

ST/STOP: Start/stop (1/0) Channel. 

CHG/NOCHG: Change/Do not change (1/0) 
ST/STOP bit. If this bit is set when 
wri ting t o the control word, the 
ST/STOP bit will be programmed by 
the write to the control word. If this 
bit is cleared when writing the con- 
trol word, the ST/STOP bit will not 
be altered. This bit is not stored; it 
will always be a 0 on read. 



INT: 



TC: 



SYN: 
(2 bits) 



SOURCE:INC 



M/IO 



DEC 



Enable Interrupts to CPU on byte 
count termination. 
If set, DMA will terminate when the 
contents of the Transfer C ount reg- 
ister reach zero. The ST/STOP bit 
will also be reset at this point if TC is 
set. If this bit is cleared, the DMA 
unit will decrement the transfer 
count register for each DMA cycle, 
but the DMA transfer will not stop 
when the contents of the TC register 
reach zero. 

00 No synchronization. 

NOTE: The ST bit will pe cleared 
automatically when the contents 
of the TC register reach zero re- 
gardless of the state of the TC bit. 

01 Source synchronization. 

10 Destination synchronization. 

11 Unused. 

Increment source pointer by 1 after 
each transfer. 

Source pointer is in M/IO space 

(1/0). 

Decrement source pointed by 1 after 
each transfer. 



DEST: INC Increment destination pointer by 1 
after each transfer. 
M/TO Destination pointer is in M/IO space 
(1/0). 

DEC Decrement destination pointer by 1 
after each transfer. 

P Channel priority — relative to other 

channel. 

0 low priority. 

1 high priority. 

Channels will alternate cycles if 
both set at same priority level. 
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allow the maximum number of internal wait states 
in conjunction with external Ready consideration 
(i.e., UMCS resets to FFFBH). 
• No other chip select or READY control registers 
have any predefined values after RESET. They will 
not become active until the CPU accesses their 
control registers. Both the PACS an d MP CS regis- 
ters must be accessed before the PCS lines will 
become active. 

DMA CHANNELS 

The 80188 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur 
between memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory or 
I/O to I/O). Each DMA channel maintains both a 20-bit 
source and destination pointer which can be optionally 
incremented or decremented after each data transfer. 
Each data transfer consumes 2 bus cycles (a minimum 
of 8 clocks), one cycle to fetch data and the other to 
store data. This provides a maximum data transfer rate 
of one MByte/sec. 



DMA Operation 

Each channel has six registers in the control block 
which define each channel's specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16- 
bit Transfer Counter, and a 16-bit Control Word. The 
format of the DMA Control Blocks is shown in Table 
13. The Transfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up to 64K 
byte transfers can be performed with automatic termi- 
nation. The Control Word defines the channel's Opera- 
tion (see Figure 18). All registers may be modified or 
altered during any DMA activity. Any changes made to 
these registers will be reflected immediately in DMA 
operation. 

Table 13. DMA Control Block Format 



Register Address 



Register Name 


Ch.O 


Ch. 1 


Control Word 


CAH 


DAH 


Transfer Count 


C8H 


D8H 


Destination Pointer (upper 4 


C6H 


D6H 


bits) 






Destination Pointer 


C4H 


D4H 


Source Pointer (upper 4 bits) 


C2H 


D2H 


Source Pointer 


COH 


DOH 



20 BIT ADDER/SUBTRACTOR 



ADDER CONTROL 
LOGIC 



TRANSFER COUNTER CH. 1 



DEST. ADRS. POINTER CH. 1 



SRC. ADRS. POINTER CH. 1 



TRANSFER COUNTER CH 0 



DEST. ADRS POINTER CH. 0 



SRC ADRS POINTER CH. 0 

7\ 



TIMER REQUEST 

— < 



DMA 
CONTROL 
LOGIC 



IE 



REQUEST 
SELECTION 
LOGIC 



DRQ1 



□ 



*3 



INTERRUPT 
" REQUEST 



CHANNEL CONTROL WORD 1 



CHANNEL CONTROL WORD 0 



INTERNAL ADDRESS/DATA BUS 



Figure 17. DMA Unit Block Diagram 
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TDRQ 0: Disable DMA requests from timer 

2. 

1 : Enable DMA requests from timer 
2. 

Bit 3 Bit 3 is not used. 

If both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. 

DMA Destination and Source Pointer 
Registers 

Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers takes 
up two full 16-bit registers in the peripheral control 
block. The lower four bits of the upper register contain 
the upper four bits of the 20-bit physical address (see 
Figure 18a). These pointers may be individually incre- 
mented or decremented after each transfer. Each poin- 
ter may point into either memory or I/O space. Since the 
DMA channels can perform transfers to or from odd 
addresses, there is no restriction on values for the poin- 
ter registers. 



DMA Transfer Count Register 

Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after every 
DMA cycle, regardless of the state of the TC bit int he 
DMA Control Register. If the TC bit in the DMA control 
word is set or unsynchronized transfers are pro- 
grammed, DMA activity will terminate when the transfer 
count register reaches zero. 



DMA Requests 

Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be un- 
synchronized; that is, the transfer will take place 
continually until the correct number of transfers has 
occurred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous DMA 
transfer. This allows a complete transfer to take place 
every 2 bus cycles or eight clock cycles (assuming no 
wait states). No prefetching occurs when destination 
synchronization is performed, however. Data will not 
be fetched from the source address until the destina- 
tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is in- 
itiated, another DMA cycle will begin after two pro- 
cessor clocks. This is done to allow the destination 
device time to remove its request if another transfer 
is not desired. Since the DMA controller will relin- 
quish the bus, the CPU can initiate a bus cycle. As a 
result, a complete bus cycle will often be inserted 
between destination synchronized transfers. These 
lead to the maximum DMA transfer rates shown in 
Table 14. 

Table 14. Maximum DMA Transfer Rates 

Type of I 
Synchronization 

Selected CPU Running CPU Halted 

Unsynchronized 1 MBytes/sec 1 MBytes/sec 
Source Synch 1 MBytes/sec 1 MBytes/sec 

Destination Synch .65M Bytes/sec .75M Bytes/sec 



HIGHER 
REGISTER 
ADDRESS 


XXX 


XXX 


XXX 


A19-A16 


LOWER 










REGISTER 


A15-A12 


A11-A8 


A7-A4 


A3-A0 


ADDRESS 











15 0 



Figure 18a. DMA Memory Pointer Register Format 
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Table 8. LMCS Programming Values. 





Memory 


LMCS Value 


Upper 


Block 


(Assuming 


Address 


Size 


R0=R1=R2=0) 


003FFH 


1K 


0038H 


007FFH 


2K 


0078H 


OOFFFH 


4K 


00F8H 


01FFFH 


8K 


01F8H 


03FFFH 


16K 


03F8H 


07FFFH 


32K 


07F8H 


OFFFFH 


64K 


0FF8H 


1FFFFH 


128K 


1FF8H 


3FFFFH 


256K 


3FF8H 



The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). this register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip- 
select line will not become active until the LMCS 
register is accessed. 

Any internally generated 20-bit address whose upper 
16 bits are less than or equal to LMCS (with bits 0-5 
"1") will cause LCS to be active. LMCS register bits 
R2-R0 are used to specify the READY mode for the 
area of memory defined by this chip-select register. 

Mid-Range Memory CS 

The iAPX 188 provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located anywhere within the iAPX 188 
1M byte memory add ress spac e exclusive of the 
areas defined by UCS and LCS. Both the base ad- 
dress and size of this memory block are 
programmable. 

The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is determined 



by bits 8-14 of the MPCS register (see Figure 13). 
This register is at location A8H in the internal control 
block. One and only one of bits 8-14 must b e set at a 
time. Unpredictable operation of the MCS lines will 
otherwise occur. Each of the four chip-select lines is 
active for one of the four equal contiguous divisions 
of the mid-range block. Thus, if the total block size is 
32K, e ach chip select is active for 8K of memor y with 
MCSp being active for the first range and MCS3 
being active for the last range. 

The EX and MS in MPCS relate to peripheral 
functionality as descibed a later section. 

Table 9. MPCS Programming Values 



Total Block 


Individual 


MPCS Bits 


Size 


Select Size 


14-8 


8K 


2K 


0000001 B 


16K 


4K 


000001 0B 


32K 


8K 


00001 00B 


64K 


16K 


0001 000B 


128K 


32K 


0010000B 


256K 


64K 


0100000B 


512K 


128K 


1000000B 



The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 
control block. These bits correspond to bits A19-A13 
of the 20-bit memory address. Bits A12-A0 of the 
base address are always 0. The base address may be 
set at any integer multiple of the size of the total 
memory block selected. For example, if the mid- 
range bloc k size is 32K (or the size of the block for 
which each MCS line is active is 8K), the block could 
be located at 10000H or 18000H, but not at 14000H, 
since the first few integer multiples of a 32K memory 
block are OH, 8000H, 10000H, 18000H, etc. After 
reset, the contents of both of these registers is un- 
defined. However, none of the MCS lines will be ac- 
tive until both the MMCS and MPCS registers are 
accessed. 
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Figure 11. UMCS Register 
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Figure 12. LMCS Register 
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DMA Acknowledge 

No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA pointers 
can be programmed to point to the same given block, 
a chip-select line could be used to indicate a DMA 
acknowledge. 

DMA Priority 

The DMA channels may be programmed such that 
one channel is always given priority over the other, or 
they may be programmed such as to alternate cycles 
when both have DMA requests pending. DMA cycles 
always have priority over internal CPU cycles except 
between locked memory accesses or word accesses 
the odd memory locations; however, an external bus 
hold takes priority over an internal DMA cycle. Be- 
cause an interrupt request cannot suspend a DMA 
operation and the CPU cannot access memory dur- 
ing a DMA cycle, interrupt latency time will suffer 
during sequences of continuous DMA cycles. An 
NMI request, however, will cause all internal DMA 
activity to halt. This allows the CPU to quickly 
respond to the NMI request. 

DMA Programming 

DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 



are programmed, a DRQ must also have been- 
generated. Therefore, the source and destination 
transfer pointers, and the transfer count register (if 
used) must be programmed before this bit is set. 

Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 

DMA Channels and Reset 

Upon RESET, the DMA channels will perform the 
following actions: 

• The Start/Stop bit for each channel will be reset to 
STOP. 

• Any transfer in progress is aborted. 



TIMERS 

The 80188 provides three internal 16-bit programma- 
ble timers (see Figure 19). Two of these are highly 
flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate non repetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 



TO 

int. 

REQ. 



MAX COUNT VALUE 
A 



MAX COUNT VALUE 
B 



MODE/CONTROL 
WORD 



31 



T1 
- INT. 
REQ. 



MAX COUNT VALUE 
A 



MAX COUNT VALUE 
B 



MODE/CONTROL 
WORD 



DMA 
- REQ. 

T2 
r*- INT. 
REQ. 



MAX COUNT VALUE 



MODE/CONTROL 
WORD 



3E 



INTERNAL ADDRESS/DATA BUS 



ALL 16 BIT REGISTERS 



Figure 19. Timer Block Diagram 
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Timer Operation 

The timers are controlled by 1 1 16-bit registers in the 
internal peripheral control block. The configuration 
of these registers is shown in Table 15. The count 
register contains the current value of the timer. It can 
be read or written at any time independent of 
whether the timer is running or not. The value of this 
register will be incremented for each timer event. 
Each of the timers is equipped with a MAX COUNT 
register, which defines the maximum count the timer 
will reach. After reaching the MAX COUNT register 
value, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values programmed by the user. If a single MAX 
COUNT register is used, the timer output pin will 
switch LOW for a single clock, 2 clocks after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 



Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 

The timers have several programmable options. 

• All three timers can be set to halt or continue on a 
terminal count. 

• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external events. 

• The timers may be programmed to cause an inter- 
rupt on terminalxount. 

These options are selectable via the timer mode/ 
control word. 

Timer Mode/Control Register 

The mode/control register (see Figure 20) allows the 
user to program the specific mode of operation or 
check the current programmed status for any of the 
three integrated timers. 



Each timer gets serviced every fourth CPU-clock 
cycle, and thus can operate at speeds up to one- 
quarter the internal clock frequency (one-eighth the 
crystal rate). External clocking of the timers may be 
done at up to a rate of one-quarter of the internal 
CPU-clock rate (2 MHz for an 8 MHz CPU clock). Due 
to internal synchronization and pipelining of the 
timer circuitry, a timer output may take up to 6 clocks 
to respond to any individual clock or gate input. 



Table 15. Timer Control Block Format 



Register Name 


Register Offset 


Tmr. 0 


Tmr. 1 


Tmn 2 


Mode/Control Word 


56H 


5EH 


66H 


Max Count B 


54H 


5CH 


not present 


Max Count A 


52H 


5AH 


62H 


Count Register 


50H 


58H 


60H 



15 


14 


13 


12 


11 


5 


4 


3 


2 


1 


0 


EN 


INH 


INT 


RIU 


0 




MC 


RTG 


P 


EXT 


ALT 


CONT 



Figure 20. Timer Mode/Control Register 
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ALT: 

The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT = 
1, the comparison will alternate between register A 
and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating non- 
repetitive waveforms. Square waves and pulse out- 
puts of any duty cycle are a subset of available 
signals obtained by not changing the final count 
registers. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). 

CONT: 

Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CONT = 0 and ALT 
= 1 , the timer will count to the MAX COUNT register A 
value, reset, count to the register B value, reset, and 
halt. 

EXT: 

The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may be 
asynchronous with respect to the 80188 clock. If this 
bit is set, the timee will count LOW-to-HIGH trans- 
itions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output transi- 
tion latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock 
pulses. 

P: 

The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, the 
timer will count at one-fourth the internal CPU clock 
rate. If the P bit is a one, the output of timer 2 will be 
used as a clock for the timer. Note that the user must 
initialize and start timer 2 to obtain the prescaled 
clock. 

RTG: 

Retrigger bit is only active for internal clocking (EXT 
*= 0). In this case it determines the control function 
provided by the input pin. 

If RTG = 0, the input level gates the internal clock on 
and off. If the input pin is HIGH, the timer will count; if 



the input pin is LOW, the timer will hold its value. As 
indicated previously, the input signal may be asyn- 
chronous with respect to the 80188 clock. 

When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 

EN: 

The enable bit provides programmer control over the 
timer's RUN/HALT status. When set, the timer is en- 
abled to increment subject to the input pin con- 
straints in the internal clock mode (discussed 
previously). When cleared, the timer will be inhibited 
from counting. All input pin transitions during the 
time EN is zero will be ignored. If CONT is zero, the 
EN bit is automatically cleared upon maximum 
count. 

INH: 

The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 

INT: 

When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will 
still be in force. (The request is latched in the Inter- 
rupt Controller.) 

MC: 

The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this bit 
will be set each time the value in MAX COUNT register 
A is reached, and each time the value in MAX COUNT 
register B is reached. This bit is set regardless of the 
timer's interrupt-enable bit. The MC bit gives the user 
the ability to monitor timer status through software 
instead of through interrupts. Programmer interven- 
tion is required to clear this bit. 
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RIU: 

The Register In Use bit indicates which MAX COUNT 
register is currently being used for comparison to the 
timer count value. A zero value indicates register A. 
The RIU bit cannot be written, i.e., its value is not 
affected when the control register is written. It is 
always cleared when the ALT bit is zero. 

Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 

ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 

Count Registers 

Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting, the new value 
will take effect in the current count cycle. 

Max Count Registers 

Timers 0 and 1 have two MAX COUNT registers, while 
timer 2 has a single MAX COUNT register. These con- 
tain the number of events the timer will count. In 
timers 0 and 1, the MAX COUNT register used can 
alternate between the two max count values 
whenever the current maximum count is reached. 
The condition which causes a timer to reset is equiv- 
alent between the current count value and the max 
count being used. This means that if the count is 
changed to be above the max count value, or if the 
max count value is changed to be below the current 
value, the timer will not reset to zero, but rather will 
count to its maximum value, "wrap around" to zero, 
then count until the max count is reached. 

Timers and Reset 

Upon RESET, the Timers will perform the following 
actions: 

• All EN (Enable) bits are reset preventing timer 
counting. 

• All SEL (Select) bits are reset to zero. This selects 
MAX COUNT register A, resulting in the Timer Out 
pins going HIGH upon RESET. 

INTERRUPT CONTROLLER 

The 80188 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 



Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80188 interrupt controller has its own control regis- 
ters that set the mode of operation for the controller. 



The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower 
priority interrupts may themselves be interrupted by 
higher priority interrupts. A block diagram of the 
interrupt controller is shown in Figure 21. 



The interrupt controller has a special iRMX 86 com- 
patibility mode that allows the use of the 80188 
within the iRMX 86 operating system interrupt struc- 
ture. The controller is set in this mode by setting bit 
14 in the peripheral control block relocation register 
(see iRMX 86 Compatibility Mode section). In this 
mode, the internal 80188 interrupt controller func- 
tions as a "slave" controller to an external "master" 
controller. Special initialization software must be in- 
cluded to properly set up the 80188 interrupt control- 
ler in iRMX 86 mode. 



NON-iRMX MODE OPERATION 

Interrupt Controller External Interface 

For external interrupt so'urces, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the 
"cascade mode") along with two other input lines 
with internally generated interrupt vectors, or as two 
interrupt input lines and two dedicated interrupt ac- 
knowledge ouput lines. When the interrupt lines are 
configured in cascade mode, the 80188 interrupt 
controller will* not generate internal interrupt 
vectors. 

External sources in the cascade mode use externally 
generated interrupt vec tors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80188 on the second cycle. The 
capability to interface to external 8259A program- 
mable interrupt controllers is thus provided when the 
inputs are configured in cascade mode. 
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Interrupt Controller Modes of Operation 

The basic modes of operation of the interrupt con- 
troller in non-iRMX mode are similar to the 8259A. 
The interrupt controller responds identically to inter- 
nal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTO and INT1 control registers. The 
modes of interrupt controller operation are as 
follows: 

Fully Nested Mode 

When in the fully nested mode four pins are used as 
direct interrupt requests. The vectors for these four 
inputs are generated internally. An in-service bit is 
provided for every interrupt source. If a lower-priority 
device requests an interrupt while the in-service bit 
(IS) is set, no interrupt will be generated by the inter- 
rupt controller. In addition, if another interrupt re- 
quest occurs from the same interrupt source while 
the inservice bit is set, no interrupt will be generated 
by the interrupt controller. This allows interrupt ser- 
vice routines to operate with interrupts enabled with- 
out being themselves interrupted by lower-priority 
interrupts. Since interrupts are enabled, higher- 
priority interrupts will be serviced. 

When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 
mand is issued at the end of the service routine just 



before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit 
set is then serviced. 



Cascade Mode 

The 80188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the four 
pins are used as direct interrupt inputs and the cor- 
responding vectors are generated internally. In the 
cascade mode, the four pins are configured into in- 
terrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 22. INTO is an 
inter rupt input interfaced to an 8259A, while 
INT2/INTA0 serves as the dedicated interrupt ac- 
knowledge signal to tha t peripheral. The same is true 
for INT1 and INT3/INTA1. Each pair can selectively be 
placed in the cascade or non-cascade mode by pro- 
gramming the proper value into INTO and INT1 con- 
trol registers. The use of the dedicated acknowledge 
signals eliminate s the need for the use of external 
logic to generate INTA and device select signals. 

The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259 As. Three 
levels of priority are created, requiring priority 
resolution in the 80188 interrupt controller, the mas- 
ter 8259 As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is com- 
pleted, up to three end-of-interrupt commands must 
be issued by the programmer. 
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Figure 21. Interrupt Controller Block Diagram 
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Special Fully Nested Mode 

This mode is entered by setting the SFNM bit in INTO 
or INT1 control register. It enables complete instabil- 
ity with external 8259A masters. Normally, an inter- 
rupt request from an interrupt source will not be 
recognized unless the in-service bit for that source is 
reset. If more than one interrupt source is connected 
to an external interrupt controller, all of the interrupts 
will be funneled through the same 80188 interrupt 
request pin. As a result, if the external interrupt con- 
troller receives a higher-priority interrupt, its inter- 
rupt will not be recognized by the 80188 controller 
until the 80188 in-service bit is reset. In special fully 
nested mode, the 80188 interrupt controller will allow 
interrupts from an external pin regardless of the 
state of the in-service bit for an interrupt source in 
order to allow multiple interrupts from a single pin. 
An in-service bit will continue to be set, however, to 
inhibit interrupts from other lower-priority 80188 in- 
terrupt sources. 



Non-iRMX Mode Features 
Programmable Priority 

The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the 
control register of each interrupt source. (A source 
with a priority level of 4 has higher priority over all 
priority levels from 5 to 7. Priority registers contain- 
ing values lower than 4 have greater priority.) All 
interrupt sources have preprogrammed default 
priority levels (see Table 4). 

If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 



Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master's IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80188 remains active and 
the next interrupt service routine is entered. 



Operation in a Polled Environment 

The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor dis- 
ables interrupts and then polls the interrupt controller 
whenever it is convenient. Polling the interrupt con- 
troller is accomplished by reading the Poll Word (Figure 
31). Bit 15 in the poll word indicates to the processor 
that an interrupt of high enought priority is requesting 
service. Bits 0-4 indicate to the processor the type vec- 
tor of the highest-priority source requesting service. 
Reading the Poll Word causes the In-Service bit of the 
highest-priority source to be set. 



It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80188 provides a Poll Status Word in addition to the 
conventional. Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are lo- 
cated in two adjacent memory locations in the regis- 
ter file. 



End-of-lnterrupt Command 

The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the 

interrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 



Trigger Mode 

The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, the 
interrupt request must remain active (HIGH) until the 
interrupt request is acknowledged by the 80188 CPU. 
In the edge-sense mode, if the level remains high 
after the interrupt is acknowledged, the input is dis- 
abled and no further requests will be generated. The 
input level must go LOW for at least one clock cycle to 
reehablethe input. In the level-trigger mode, no such 
provision is made: holding the interrupt input HIGH 
will cause continuous interrupt requests. 
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Interrupt Vectoring 

The 80188 Interrupt Controller will generate inter- 
rupt vectors for the integrated DMA channels and 
the integrated Timers. In addition, the Interrupt Con- 
troller will generate interrupt vectors for the external 
interrupt lines if they are not configured in Cascade 
or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see 
Table 4). 

Interrupt Controller Registers 

The Interrupt Controller register model is shown in 
Figure 23. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 

In-Service Register 

This register can be read from or written into. The 
format is shown in Figure 24. It contains the In- 
Service bit for each of the interrupt sources. The 
In-Service bit is set to indicate that a source's service 
routine is in progress. When an In-Service bit is set, 
the interrupt controller will not generate interrupts to 
the GPU when it receives interrupt requests from 
devices with a lower programmed priority level. The 
TMR bit is the In-Service bit for all three timers; the 
DO and D1 bits are the In-Service bits for the two DMA 
channels; the I0-I3 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by ah end-of-interrupt command is- 
sued by the CPU. 



Interrupt Request Register 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 24. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and D1 
are the interrupt request bits for the DMA channels. 

The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the 
requests. 



Mask Register 

This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 24. A one in a bit position corres- 
ponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the individ- 
ual control registers; programming a mask bit using 
the mask register will also change this bit in the 
individual control registers, and vice versa. 




Figure 22. Cascade Mode Interrupt Connection 
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Figure 23. Interrupt Controller Registers 
(Non-iRMX 86 Mode) 



Priority Mask Register 

This register is used to mask all interrupts below 
particular interrupt priority levels. The format of this 
register is shown in Figure 25. The code in the lower 
three bits of this register inhibits interrupts of 
priority lower (a higher priority number) than the 
code specified. For example, 100 written into this 
register masks interrupts of level five (101), six (110), 
and seven (111). The register is reset to seven (111) 
upon RESET so all interrupts are unmasked. 

Interrupt Status Register 

This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 26. The bits in the status register 
have the following functions: 

DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set 
whenever a non-maskable interrupt occurs, 
and it is reset when an I RET instruction is 
executed. The purpose of this bit is to allow 
prompt service of all non-maskable inter- 
rupts. This bit may also be set by the CPU. 

IRTx: These three bits represent the individual 
timer interrupt request bits. These bits are 
used to differentiate the timer interrupts, 
since the timer IR bit in the interrupt re- 
vest register is the "OR" function of all 
timer interrupt requests. Note that setting 
any one of these three bits initiates an inter- 
rupt request to the interrupt controller. 



15 


14 


10 


9 


8 




6 


5 


4 


3 


2 


1 


0 


I • 


0 | . 


. | 0 


0 


• 


.3 


a 




.0 


01 


00 


0 


| TMR | 





Figure 24. In-Service, Interrupt Request, and Mask Register Formats 
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Figure 26. Interrupt Status Register Format 
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Timer, DMA 0, 1 ; Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format for these registers 
is shown in Figure 27. The three bit positions PRO, 
PR1, and PR2 represent the programmable priority 
level of the interrupt source. The MSK bit inhibits 
interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 

INT0-INT3 Control Registers 

These registers are the control words for the four 
external input pins. Figure 28 shows the format of the 
INTO and INT1 Control registers; Figure 29 shows the 
format of the INT2 and INT3 Control registers. In 
cascade mode or special fully nested mode, the con- 
trol words for INT2 and INT3 are not used. 

The bits in the various control registers are encoded 
as follows: 

PRO-2: Priority programming information. Highest 
priority = 000, lowest priority =111. 

LTM: Level-trigger .mode bit. 1 = level-triggered; 
0 = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 



level is preceded by an inactive-to-active 
transition on the line. In both easels, the 
level must remain active until the interrupt 
is acknowledged. 



MSK: Mask bit, 1 = mask; 0 = nonmask. 



C: Cascade mode bit, 1 = cascade; 0 = direct 



SFNM: Special fully nested mode bit, 1 = SFNM 



EOI Register 

The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOI 
command when written to by the 80188 CPU. 

The bits in the EOI register are encoded as follows: 

Sx'. Encoded information that specifies an in- 
terrupt source vector type as shown in 
Table 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. Note that to reset the single 
In-Service bit for any of the three timers, the 
vector type for timer 0 (8) should be written 
in this register. 
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Figure 27. Timer/DMA Control Register Formats 
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Figure 28. INT0/INT1 Control Register Formats 
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Figure 29. INT2/INT3 Control Register Formats 
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NSPEC/: A bit that determines the type of EOI com- 
SPEC mand. Nonspecific = 1 , Specific = 0. 

Poll and Poll Status Registers 

These registers contain polling information. The for- 
mat of these registers is shown in Figure 31 . They can 
only be read. Reading the Poll register constitutes a 
software poll. This will set the IS bit of the highest 
priority pending interrupt. Reading the poll status 
register will not set the IS bit of the highest priority 
pending interrupt; only the status of pending inter- 
rupts will be provided. 

Encoding of the Poll and Poll Status register bits are 
as follows: 

S><: Encoded information that indicates the 
vector type of the highest priority interrupt- 
ing source. Valid only when INTREQ = 1. 

INTREQ:This bit determines if an interrupt request is 
present. Interrupt Request = 1 ; no Interrupt 
Request = 0. 

iRMX 86 COMPATIBILITY MODE 

This mode allows iRMX 86-80188 compatibility. The 
interrupt model of iRMX 86 requires one master and 
multiple slave 8259As in cascaded fashion. When 
iRMX mode is used, the internal' 801 88 interrupt con- 
troller will be used as a slave controller to an external 
master interrupt controller. The internal 80188 re- 
sources will be monitored through the internal inter- 
rupt controller, while the external controller 
functions as the system master interrupt controller. 

Upon reset, the 80188 interrupt controller will be in 
the non-iRMX 86 mode of operation. To set the con- 
troller in the iRMX 86 mode, bit 14 of the Relocation 
Register should be set. 



Because of pin limitations caused by the need to 
interface to an external 8259 A master, the internal 
interrupt controller will no longer accept external 
inputs. There are however, enough 80188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 

The iRMX 86 operating system requires peripherals 
to be assigned fixed priority levels. This is incom- 
patible with the normal operation of the 80188 inter- 
rupt controller. Therefore, the initialization software 
must program the proper priority levels for each 
source. The required priority levels for the internal 
interrupt sources in iRMX mode are shown in Table 
16. 



Table 16. Internal Source Priority Level 



Priority Level 


Interrupt Source 


0 


Timer 0 


1 


(reserved) 


2 


DMA 0 


3 


DMA 1 


4 


Timer 1 


5 


Timer 2 



These level assignments must remain fixed in the 
iRMX 86 mode of operation. 

iRMX 86 Mode External Interface 

The configuration of the 80188 with respect to an 
external 8259A master is shown in Figure 32. The 
INTO input is used as the 80188 CPU interrupt input. 
INT3 functions as an output to send the 80188 slave- 
interrupt-request to one of the 8 master-PIC-inputs. 



15 


14 


13 


5 


4 


3 


2 


1 


0 


SPEC/ 
NSPEC 


0 


0 




■0 


S4 


S3 


S2 


S1 


so 



Figure 30. EOI Register Format 
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Figure 31. Poll Register Format 
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80188 



iNTI 
INT2 



8259A 
MASTER 



CASO-2 



SLAVE SELECT 



CASCADE 
ADDRESS DECODER 



80188 SLAVE INTERRUPT OUTPUT 



-REQUESTS FROM 
.OTHER SLAVES 



Figure 32. iRMX 86 Interrupt Controller Interconnection 



Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do this 
internally. Because of pin limitations, the 801 88 sla ve 
address will have to be decoded externally. INT1 is 
used as a slave-select input. Note that the slave vec- 
tor .address is transferred internally, but the READY 
input must be supplied externally. 

INT2 is used as an acknowledge output, suitable to 
drive the INTA input of an 8259A. 

Interrupt Nesting 

iRMX 86 mode operation allows nesting of interrupt 
requests. When an interrupt is acknowledged, the 
priority logic masks off all priority levels except 
those with equal or higher priority. 

Vector Generation in the iRMX 86 Mode 

Vector generation in iRMX mode is exactly like that of 
an 8259A slave. The interrupt controller generates an 
8-bit vector which the CPU multiplies by four and 
uses as an address into a vector table. The significant 
five bits of the vector are user-programmable while 
the lower three bits are generated by the priority 
logic. These bits represent the encoding of the 
priority level requesting service. The significant five 
bits of the vector are programmed by writing to the 
Interrupt Vector register at offset 20H. 



Specific End-of-lnterrupt 

In iRMX mode the specific Ej-OI command operates to 
reset an in-service bit of a specific priority. The user 
supplies a 3-bit priority-level value that points to an 
in-service bit to be reset. The command is executed 
by writing the correct value in the Specific EOI regis- 
ter at offset 22H. 

Interrupt Controller Registers 
in the iRMX 86 Mode 

All control and command registers are located inside 
the internal peripheral control block. Figure 33 
shows the offsets of these registers. 

End-of-lnterrupt Register 

The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 34. It initiates an EOI command 
when written by the 80188 CPU. 

The bits in the EOI register are encoded as follows: 

Encoded value indicating the priority of the 
IS bit to be reset. 

In-Service Register 

This register can be read from or written into. It 
contains the in-service bit for each of the internal 
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interrupt sources. The format for this register is 
shown in Figure 35. Bit positions 2 and 3 correspond 
to the DMA channels; positions 0, 4, and 5 corre- 
spond to the integral timers. The source's IS bit is set 
when the processor acknowledges its interrupt re- 
quest. 

Interrupt Request Register 

This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shdwn in Figure 35. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. 

Mask Register 

This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 35. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are 
exactly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 



Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format of these registers is 
shown in Figure 36. Each of the timers and both of 
the DMA channels have their own Control Register. 

The bits of the Control Registers are encoded as 
follows: 



pr x : 3-bit encoded field indicating a priority level 
for the source; note that each source must 
be programmed at specified levels. 

msk: mask bit for the priority level indicated by pr x 
bits. 





OFFSET 




LEVEL 5 CONTROL REGISTER 
(TIMER 2) 


3AH 




LEVEL 4 CONTROL REGISTER 
(TIMER 1) 


38H 




LEVEL 3 CONTROL REGISTER 
(DMA 1) 


36H 




LEVEL 2 CONTROL REGISTER 
(DMA 0) 


34H 




LEVEL 0 CONTROL REGISTER 
(TIMER 0) 


32H 




INTERRUPT STATUS REGISTER 


30H 




INTERRUPT REQUEST REGISTER 


2EH 




IN-SERVICE REGISTER 


2CH 




PRIORITY-LEVEL MASK REGISTER 


2AH 




MASK REGISTER 


28H 




SPECIFIC EOI REGISTER 


22H 




INTERRUPT VECTOR REGISTER 


20H 







Figure 33. Interrupt Controller Registers 
(iRMX 86 Mode) 
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Figure 34. Specific EOI Register Format 
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Figure 35. In-Service, Interrupt Request, and Mask Register Format 
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Interrupt Vector Register 

This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 37. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 

The format of the bits in this register is: 

t x ; 5-bit field indicating the upper five bits of the 

vector address. 
Priority-Level Mask Register 
This register indicates the lowest priority-level inter- 
rupt which will be serviced. 

The encoding of the bits in this register is: 

m x - 3-bit encoded field indication priority-level 
value. All levels of lower priority will be 
masked. 

Interrupt Status Register 

This register is defined exactly as in non-iRMX mode 
(see Figure 26). 



Interrupt Controller and Reset 

Upon RESET, the interrupt controller will perform the 
following actions: 

• All SFNM bits reset to 0, implying Fully Nested 
Mode. 

• All PR bits in the various control registers set to 1 . 
This places aJI sources at lowest priority (level 
1.11). 

• All LTM bits reset to 0, resulting in edge-sense 
mode. 

• All Interrupt Service bits reset to 0. 

• All Interrupt Request bits reset to 0. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to 0 (non-cascade). 

• All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 

• Initialized to non-iRMX 86 mode. 
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Figure 36. Control Word Format 
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Figure 37. Interrupt Vector Register Format 
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Figure 38. Priority Level Mask Register 
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IP^iyiMlDMW 




KB 



SRDY 
ARDY 



| » +SV 



CCS 

TMR IN 0 
TMR OUT 0 



INT1 
PCS4 
DRQO 




RESET 
ROM 



77 



PROGRAM 
RAM 



8286 OR 
8287 
TRANSCEIVER 

T OE 



<=>& 



SERIAL 

I/O 



DISK 
INTERFACE 
HARDWARE 



©■ 



Figure 39. Typical iAPX 188 Computer 
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id mnz 

A. 



X1 X 2 

UCS 
RD 



RTS 



ALE 
LCS 



WR 



AD0-AD7 
A8-A15 



NMI 
HOLD 



CLKOUT 
S0-S2 



PCSO 
PCS1 

LOCK 



SROY 
ARDY 



1 



8282 OR 

8283 
LATCH 



61 



CS 



RESET 
ROM 



LOW 
RAM 



8282 OR 
8283 
LATCH 



STB 61 
STB OE' 



THE 



ADDRESS 
BUS 



8286 OR 
8287 
TRANSCEIVER 



OE 



C 



7=> 



DT/R 

S «• 

_ _ 8288 

S0-S2 BUS 
CONTROLLER 

CEN 

IOB 



^> DATA BUS 



MULTI- 
v MASTER 
f SYSTEM 

BUS 



S0-S2 AEN 
8289 

CLK 808 
OLK ARBITER 

SYSBRESB 

IOB 

RESB 



LOCK 



C 



:> 



BUS CONTROL 
COMMANDS 



-»\ MULTIBUS 

ARBITRATION 



Figure 40. Typical iAPX 188 Multi-Master Bus interface 
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PACKAGE 

The 80188 is housed in a 68-pin, leadless JEDEC type 
A hermetic chip carrier. Figure 41 illustrates the 
package dimensions. 



NOTE: The IDT 3M Textool 68-pin JEDEC Socket 
is required for ICE™ operation. See Figure 42 for 
details. 



-j8 l + |B1.010 

— iHC±}- 



- .800 1 -t- | B1.006 



=9 



I 



1 



l TYP(68)PLCS 



T ; 

| ^ 1 C .006 1 



-m 



Figure 41. 80188 JEDEC Type A Package 
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NOTE: Physical dimensions shown are for reference only. Please consult 3M Textool for complete information on the socket. 



Figure 42. Textool 68 Lead Chip Carrier Socket 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0V to +7V 

Power Dissipation 3 Watt 



''NOTICE: Stresses above those listed under 
"Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



D.C. CHARACTERISTICS (T A = 0°-70°C, V cc = 5V < 10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


+ 0.8 


Volts 




V, H 


Input High Voltage 

(AM except a i and (Hto) 


2.0 


V cc + 0.5 


Volts 




V,H1 


Input High Voltage (RES) 




V cc + 0.5 


Volts 




Vol 


Output Low Voltage 


3.0 


0.45 


Volts 


l a = 2.5 mAforS6-§S 

l a = 2.0 mA for all other outputs 


VqH 


Output High Voltage 




2.4 


Volts 


l oa =-400 M A 


'cc 


Power Supply Current 




550 
450 


mA 


Max measured at T A = 0°C 
T A = 70*C 


Ili 


Input Leakage Current 




±10 


mA 


OV<V IN <V cc 


Ilo 


Output Leakage Current 




±10 


mA 


0.45V <V 0UT < V cc 


VCLO 


Clock Output Low 




0.6 


Volts 


l a = 4.0 mA 


VCHO 


Clock Output High 


4.0 




Volts 


l oa = -200 M A 


VOL. 


Clock Input Low Voltage 


-0.5 


0.6 


Volts 




VCHI 


Clock Input High Voltage 


3.9 


V cc + 1-0 


Volts 






Input Capacitance 




10 


PF 




Cio 


I/O Capacitance 




20 


PF 





PIN TIMINGS 

A.C. CHARACTERISTICS (T A = 0°-70°C, V CC = 5V ± 10%) 

80188 Timing Requirements All Timings Measured At 1 .5 Volts Unless Otherwise Noted. 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TDVCL 


Data in Setup (A/D) 


20 




ns 




TCLDX 


Data in Hold (A/D) 


10 




ns 




TARYHCH 


Asynchronous Ready 
(AREADY) active setup 
time* 


20 




ns 




TARYLCL 


AREADY inactive setup 
time 


35 




ns 




TCHARYX 


AREADY hold time 


15 




, ns 




TSRYCL 


Synchronous Ready 
(SREADY) transition setup 
time 


35 




ns 




TCLSRY 


SREADY transition hold 
time 


15 




ns 




THVCL 


HOLD Setup* 


25 




ns 




TINVCH 


INTR, NMI, TEST, TIMERIN, 
Setup* 


25 




ns 




TINVCL 


DRQ0, DRQ1, Setup* 


25 




ns 





*To guarantee recognition at next clock. 
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A.C. CHARACTERISTICS (Continued) 



801 88) Master Interlace Timing Responses 







80188 (8 MHz) 


80188-6 (6 MHz) 






Symbol 


Parameters 


Mln. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


T CLAV 


Address Valid Delay 


5 


44 


5 


63. 


ns 


C L - 20-200 pF all outputs 


T CLAX 


Address Hold 


10 




10 




ns 




T CLAZ 


Address Float Delay 


TcLAX 


35 


TcLAX 


44 


ns 




T CHCZ 


Command Lines Float Delay 




45 




56 


ns 




T CHCV 


Command Lines Valid Delay 
(alter float) 




55 




76 


ns 




T LHLL 


ALE Width 


T CLCL-35 




T CLCL-35 




ns 




T CHLH 


ALE Active Delay 




35 




44 


ns 




T CHLL 


ALE Inactive Delay 




35 




44 


ns 




T LLAX 


Address Hold to ALE Inactive 


T CHCL-25 




T CHCL-30 




ns 




TcLDV 


Data Valid Delay 


10 


44 


10 


55 


ns 




TcLDOX 


Data Hold Time 


10 




10 




ns 




TyVHDX 


Data Hold after WR 


T CLCL-40 




TcLCL-50 




ns 




Tcvctv 


Control Active Delay 1 


5 


70 


5 


87 


ns 




T CHCTV 


Control Active Delay 2 


10 


55 


10 


76 


ns 




Tcvctx 


Control Inactive Delay 


5 


55 


5 


76 


ns 




T CVDEX 


DEN Inactive Delay 
(Non-Wnte Cycle) 




70 




87 


ns 




Tazrl 


Address Float to HD Active 


0 




0 




ns 




^CLRL 


RD Active Delay 


10 


70 


10 


87 


ns 




T CLRH 


RD Inactive Delay 


10 


55 


10 


76 , 


ns 




T RHAV 


RD Inactive to Address Active 


T CLCL-40 




T CLCL-50 




ns 




T CLHAV 


HLDA Valid Delay 


10 


50 


10 


67 


ns 




Trlrh 


RD Width 


2TcLCL-50 




2TcLCL-50 




ns 




"•"WLWH 


WR Width 


2T CLCL-40 




2T CLCL-40 




ns 




Taval 


Address Valid to ALE Low 


T"cLCH-25 




T CLCH-45 




ns 




Tchsv 


Status Active Delay 


10 


55 


10 


76 


ns 




T CLSH 


Status Inactive Delay 


10 


55 


10 


76 


ns 




T CLTMV 


Timer Output Delay 




60 




75 


ns 


100 pF max 


T CLRO 


Reset Delay 




60 




75 


ns 




T CHQSV 


Queue Status Delay 




35 




44 


ns 




801 88 Chip-Select Timing Responses 


Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


Tclcsv 


Chip-Select Active Delay 




66 




80 


ns 




Tcxcsx 


Chip-Seict Hold from 
Command Inactive 


35 




35 




ns 




T CHCSX 


Chip-Select Inactive Delay 


5 


35 


5 


47 


ns 
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A.C. CHARACTERISTICS (Continued) 
80188 CLKIN Requirements 







80188 (8 MHz) 


80188-8 (6 MHz) 






Symbol 


Parameters 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


T CKIN 


CLKIN Period 


62.5 


250 


83 


250 


ns 




T CKHL 


CLKIN Fall Time 




10 




10 


ns 


3.5 to 1.0 volts 


T CKLH 


CLKIN Rise Time 




10 




10 


ns 


1.0 to 3.5 volts 


T CLCK 


CLKIN Low Time 


25 




33 




ns 


1.5 volts 


T CHCK 


CLKIN High Time 


25 




33 




ns 


1.5 volts 


80188 CLKOUT Timing (200 pF load) 


Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


Tcico 


CLKIN to CLKOUT Skew 




50 




62.5 


ns 




T CLCL 


CLKOUT Period 


125 


500 


167 


500 


ns 




T CLCH 


CLKOUT Low Time 


ft T CLCL-7.5 




ft T CLCL-7 5 




ns 


1.5 volts 


T CHCL 


CLKOUT High Time 


ft TcLCL-7 .5 




ft TqlCL-7.5 




ns 


1.5 volts 


T CH1CH2 


CLKOUT Rise Time 




15 




15 


ns 


1.0 to 3.5 volts 


T CL2CL1 - 


CLKOUT Fall Time 




15 




15 


ns 


3.5 to 1. volts 
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l?IS3iUlM]0|!]«? 



WAVEFORMS 



MAJOR CYCLE TIMING 



Vch 



t V 

TCHSV 



T, 

-TCLCL- 



TCH1CH2 



»A 19 /S6-A 16 /S3 



TCHLH-^I 

TCLAV 



WRITE CYCLE 



RD, INTA, 
DT/R - V 0H 



Ay-Ao 



Ais-Ae 



AD 7 Ao, 
Ai5-A 8 



^-TAYAL^^ 



X 



X 



T 3 T w 
^TCL2CL1 



TCLDV 



TCLDV 
TCLAX 



TCVCTV-** 



RO, WR - Vqh 



SOFTWARE HALT— DEN =V 0L , 
RD, WR, INTA, DT/R = V 0H 



PGSi TCLAV - 

MCS 

LCSi 
MCS 



A7A0 



A15-A8 



TCVCTV 



X 



)C 



HI 

S , /(NOTE 3")^ T \ 

- TCLSH 

W 



S0-S3 



TCLCH 



V TCHCZ*" 
NOTE 1 



> 




TCVCTX 
-«-TDVCL-»* 



X 



INVALID ADDRESS 



-f 
J 



)C 



TCHCSX- 
TCXCSX - 



■c 
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WAVEFORMS (Continued) 



MAJOR CYCLE TIMING (Continued) 



Ti T 2 T 3 T w f T 4 

■+ TCLCL **- -*-TCH1CHZ / 

V CN TCH1CH2 f 

V CL TCHCL I , JTCL SH ^ TCLCH „ 

(Note 3) 



TCHSV 
TCLAV-»»- 



A19/S6-A16/S3 



ALE 
TCHLH- 



WR, INTA = V 0H 



AD 7 -AD 0 



Ai5-A 8 



3~X 



TCHLL-^| 



TLLAX — » 
• — TAVAL- 



DEN 

PCS, 

LC§, 
MCS 



-TCHCTV TCLRL 



S 6 -S 3 




X 



/ 



-c 

XZ 



JO 



TCHCSX 

TCXCSX- 



NOTES 

1 Following a Write cycle, the Local Bus is floated by the 80188 only when the 
80188 enters a "Hold Acknowledge" state 

2 INTA occurs one clock later in RMX-mode 

3 Status inactive just prior to T 4 
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IF>(^iyM0(M3V 



WAVEFORMS (Continued) 



HOLD-HLDA TIMING 



f 



i/ — \ 



A TARYLCL — >** 



I 



/ 



/ 



r 



V / 



AD7-AD0, 

A15-A8 80186 
DEN 



A19/S6-A16/S3, 



RD, WR, 80186 

S7, 

DT/R\ 
S2-S0 



♦TCLHAV 

! L 

TCLAZ 



y / 



k: 

cz 

c 



EE 



^ _ 

■ y-) — 



r 
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WAVEFORMS (Continued) 



TIMER ON 80188 



yi lr 

W 



TCLCL 




80188 INSTRUCTION TIMINGS 

The following instruction timings represent the mini- 
mum execution time in clock cycles for each instruc- 
tion. The timings given are based on the following 
assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDS occur. 



• All word-data is located on even-address 
boundaries. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory reference can 
require one (and in some cases, two) additional 
clocks above the minimum timings shown. This is 
due to the asynchronous nature of the handshake 
between the BIU and the Execution unit. 
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INSTRUCTION SET SUMMARY 



FUNCTION 


FORMAT 






Clock 
Cycles 


Comments 


DATA TRANSFER 
MOV = Move: 












Register to Register/Memory 


|1 0 0 0 1 0 0 w | 


mod reg r/m | 




2/12' 




Register/memory to register 


|1 0 0 0 1 0 1 w | 


mod reg r/m | 




, 2/9* 




Immediate to register/memory 


|1 1 0 0 0 1 1 w | 


mod 000 r/m | 


data ( data if w - 1 | 


12-13* 


8/16-bit 


Immediate to register 


1 1 0 1 1 w reg | 


data | 


data if w = 1 | 


3-4 


8/16-bit 


Memory to accumulator 


P o 1 to o o o w | 


addr-low | 


addr'-high | 


9* 




Accumulator to memory 


|1 0 1 0 0 0 1 w | 


addr-low | 


addr-high | 


8* 




Register/memory to segment register 1 1 0 0 0 1 1 1 0 | 


mod 0 reg r/m | 




2/13 




Segment register to register/memory 1 1 0 0 0 1 1 0 0 [ 


mod 0 reg r/m j 




2/15 




PUSH = Push: 












Memory 


11 1 1 1 1 1 1 1 I 


mod 1 1 0 r/m | 




20 




neyi&ici 


JO 1 0 1 0 reg | 






14 




S6Qn*i6nt rcQister 


|0 0 0 reg 1 1 0 | 






13 










■■■■■ 
















68 




POP = Pop: 










Memory 


|1 0 0 0 1 1 1 1 | 


mod 000 r/m | 




24 




Register 


|0 1 0 1 1 reg | 






14 




Segment register 


|0 0 0 reg 1 1 1 | 


(reg *01) 




12 




' unfit - 


















83 




XCHG = Exchange: 












Register/memory with register 


1 1 0 0 0 0 ,1 1 w | 


mod reg r/m | 




4/17* 




Register with accumulator 


|1 0 0 1 0 reg | 






3 




IN = Input from: 












Fixed port 


|1 1 1 0 0 1 0 w | 


port | 




10* 




Variable port 


|1 1 1 0 1 1 0 w | 






8* 




OUT = Output to: 












Fixed port 


|1 1 1 0 0 1 1 w | 


port | 




Q* 




Variable port 


|1 1 1 0 1 1 1 w | 






7* 




XLAT = Translate byte to AL 


|1 10 10 11 1 | 






15 




LEA = Load EA to register 


|1 0 0 0 1 1 0 1 | 


mod reg, r/m | 




6 




LDS = Load pointer to DS 


|1 1 0 0 0 1 0 1| 


mod reg r/m | 


(mod * 11) 


26 




LES-Load pointer to ES 


|1 1 0 0 0 1 0 0| 


mod reg r/m | 


(mod * 11) 


26 




LAHF ■= Load AH with flags 


|1 0 0 1 1 1 1 1 | 






2 




SAHF- Store AH into flags 


|1 0 0 1 1 1 1 0 | 






3 




PUSHF = Push flags 


|1 0 0 1 1 1 0 0 | 






13 




POPF- Pop flags 


|1 0 0 1 1 1 0 1 j 






12 




SEGMENT = Segment Override 












CS 


lo 0 t 0 1 1 1 0 | 






2 




ss 


|0 0 1 1 0 1 1 o | 






2 




DS 


|0 0 1 1 1 1 1 0 | 






2 , 




ES 


|0 0 1' 0 0 1 1 0 | 






2 





Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 












Clock 
Cycles 


Comments 


ARITHMETIC 


















ADD = Add: 


















Reg/memory with register to either 


|0 0 0 0 0 0 d w I 


mod reg 


r m | 








3/10* 




Immediate to register/ memory 


|1 0 0 0 0 0 s w| 


modOOO 


r m | 


data 


| data if s w - 


01 | 


4/16* 




Immediate to accumulator 


|0 0 0 0 0 1 0 w | 


data 


I 


dataifw-^1 , 


1 




3/4 


8/16-bit 


ADC = Add with carry: 


















Reg/memory with register to either 


|0 0 0 1 0 0 d w | 


mod reg 


rm | 








3/10* 




Immediate to register/memory 


|1 OOOOOswj 


mod 0 1 0 


rm j 


data 


j data if s w *■ 


01 | 


4/16* 




Immediate to accumulator 


|0 0 0 1 0 1 0 w | 


data 


I 


data if w » 1 


1 




3/4 


8/16-bit 


INC = Increment: 


















Register/memory 


|1 1 1 1 1 1 1 w | 


modOOO 


rm | 








3/15* 




Register 


|0 1 0 0 0 reg | 












3 




SUB = Subtract: 


















Reg/memory and register to either 


|0 0 1 0 1 0 d w | 


mod reg 


r m f 








3/10* 




Immediate from register/memory 


|1 0 0 0 0 0 s w | 


mod 1 0 1 


r'm | 


data 


| data if sw- 


01 | 


4/16* 




Immediate from accumulator 


|0 0 1 0 1 1 0 w | 


data 


I 


data if w = 1 


1 




3/4 


8/16-bit 


SBB = Subtract with borrow: 


















Reg/memory and register to either 


|0 0 0 1 1 0 d w | 


mod reg 


rm j 








3/10* 




Immediate from register/memory 


|1 00000sw| 


mod 0 1 1 


r/m | 


data 


| dataifsw = 


01 | 


4/16* 




Immediate from accumulator 


jO 0 0 1 1 1 0 w j 


data 


I 


data if w = 1 


1 




3/4 


8/16-bit 


DEC = Decrement: 


















Register/memory 


|1 1 1 1 t 1 1 w| 


mod 001 


r m | 








3/15* 




Register 


|0 1 0 0 1 reg j 












3 




CMP = Compare: 


















Register/memory with register 


jO 0 1 1 1 0 1 w | 


mod reg 


r/m j 








3/10* 




Register with register/memory 


jO 0 1 1 1 0 0 w| 


mod reg 


r/m | 








3/10* 




Immediate with register/memory 


|1 0 0 0 0 0 s w | 


mod 1 1 1 


r/m j 


data 


j data if s w = 


01 | 


3/10* 




Immediate with accumulator 


jO 0 1 1 1 1 0 w j 


data 


I 


data if w = 1 






3/4 


8/16-bit 


NEC = Change sign 


|1 1 1 1 U 1 1 W j 


mod 011 


r/m J 








o 
o 




AAA = ASCII adjust for add 


|0011011 1 J 












8 




DAA = Decimal adjust for add 


|0 0 1 0 0 1 1 1 | 












4 




AAS = ASCII adjust for subtract 


|0 0 1 1 1 1 1 1 j 












7 




DAS = Decimal adjust for subtract 


|0 0 1 0 1 1 1 1 | 












4 




MUL = Multiply (unsigned) 


|1 1*1 10 11 w | 


mod 100 


r/m | 












Register-Byte 














26-28 




Register-Word ; 














35-37 




Momnrv-Ri/to 
iviciiiuf y oy ic 














32-34 




Memory-Word 














41-43* 




IMUL — Integer multiply (signed) 


i 1 1 1 1 n 1 1 in I 
j I 1 1 1 U 1 I W | 


mod 1 0 1 


r/m | 












Register-Byte 














OK OO 
CO— (CO 




Register-Word 














34-37 




Memory-Byte 


















Memory-Word 














40-43* 




mm- m&tm®m*mmm 




wmm 














DIV = Divide (unsigned) 


|1 1 1 1 0 1 1 w J 


mod 1 1 0 r/m J 












Register-Byte 














29 




Register-Word 














38 




Memory-Byte 














35 




Memory-Word 














44* 





Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

*Note; Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 



FORMAT 



Clock 
Cycles 



ARITHMETIC (Continued): 

I0IV = Integer divide (signed) 

Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 

AAM = ASCII adjust for multiply 
AAD - ASCII adjust for divide 
CBW = Convert byte to word 
CWD = Convert word to double word 

LOGIC 

Shift/Rotate Instructions: 



|1 1 1 1 0 1 1 w | modi 1 1 



11 1010100l00001010| 

|1 1010 10T|00001010[ 

Jl 0 0 1 1 0 0~Q~l 

j 1 0 0 1 1 0 0 1 ) 



Register/Memory by 1 


1 1 10 1 


0 0 0 w | 


mod T 


IT r/m 


Register/Memory by CL 


1 1 10 1 


0 0 1 w | 


mod T 


rr r/m 



44-52 

53-61 
50-58 
59-67* 

19 

15 

2 

4 



2/15* 
5+n/17+n* 



TTT Instruction 

0 0 0 ROL 



0 0 1 

0 1 0 

0 1 1 

1 0 0 

I 0 1 

II 1 



ROR 
RCL 
RCR 
SHL/SAL 
SHR 
SAR 



AND = And: 

Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

TEST = And function to flags, no result: 

Register/memory and register 
Immediate data and register/memory 
Immediate data and accumulator 

OR = Or 

Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

XOR = Exclusive or: 

Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 
NOT = Invert register/memory 

STRING MANIPULATION 
M0VS = Move byte/word 
CMPS =• Compare byte/word 
SCAS - Scan byte/word 
LODS = Load byte/wd to AL/AX 
STOS = Stor bvte/wd from AL/A 



0 0 1 0 0 0 d w 



1 000000W 



0' 0 1 0 0 1 0 w 



1 0 0 0 0 1 0 w 



1 1 1 1 0 1 1 w 



1 0 1 0 1 0 0 w 



0 0 0 0 1 0 d w 



1 0 0 0 0 0 0 w 



0 0 0 0 1 1 0 w 



0 0 1 1 0 0 d w 



1 0 0 0 0 0 0 w 



0 0 1 1 0 1 0 w 



1 1 1 1 0 1 V w 



|1 0 10 0 10 


w | 


|1 0 10 0 11 


w 


|1 0 10 111 


w | 


|1 0 10 110 


w 


|1 0 10 10 1 


w 



mod reg r/m 



mod 1 0 0 r/m 



mod reg r/m 



mod 000 r/m 



mod reg r/m 



mod 0 0 1 r/m 



mod reg r/m 



mod 110 r/m 



mod 010 r/m 



data if w - 1 



aifw = 1 | 



3/10* 
4/16* 
3/4 

3/10* 
4/10* 
3/4 

3/10* 
4/16* 
3/4 

3/10* 
4/16* 

3/4 

3 




Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 



FORMAT 



Clock 
Cycles 



Comments 



STRING MANIPULATION (Continued) 

Repeated by count in CX 
MOVS Move string 
CMPS Compare string 
SCAS Scan string 
LOOS Load string 
STOS S'ore string 

m 



|1 1110 0 1 


0 


| 1 0 1 0 0 1 0 w| 


|1 1110 0 1 


z 


| 1 0 1 0 0 1 1 w| 


|1 1110 0 1 


2 


| 1 0 1 0 1 1 1 w | 


|1 1110 0 1 


0 


| 1 0 1 0 1 1 0 w| 


|1 1110 0 1 


r 


1 1 0 1 0 1 0 1 w| 




X 





8+8n* 
5+22n* 
5+15n* 
6+11n* 
6+9n* 





CONTROL TRANSFER 
CALL = Call: 



Direct within segment 


1 1 110 10 0 0| disp-low | 


disp-high 


Register memory 


|1 1 1 1 1 1 1 1 | mod 01 0 rm | 




indirect within segment 






Direct intersegment 


1 1 0 0 1 1 0 1 0 | segment 


offset 



segment selector 



Indirect intersegment 
JMP = Unconditional jump: 



1 1 1 1 1 1 1 1 1 | mod 0 1 1 r m ] (mod = 11) 



Short long' H 1 


1 0 


0 1 1 | 


disp-low | 


Direct within segment 1 1 1 


1 0 


0 0 1 | 


disp-low | disp-high 


Register memory indirect within segment 1 1 1 


1 1 


1 1 1 I 


mod 1 0 0 r m | 


Direct intersegment 1 1 1 


1 0 


01 0 | 


segment offset 



segment selector 



Indirect intersegment 

RET = Return from CALL 

Within segment 

Within seg adding immed to SP 
Intersegment 

Intersegment adding immediate to SP 



{1 1 1 1 1 1 1 1 | mod 101 rm | (mod = 11) 



|1 1 0 0 0 0 1 1 | 



|1 1 0 0 0 0 1 


o 


data-low ) 


data-high | 


|1 10 0 10 1 1 | 


|1 10 0 10 1 


o 


data-low 


data-high j 



18 
17/27 

31 



54 

13 
13 
11/21 

13 



34 



20 
22 
30 
33 



Shaded areas indicate instructions not available in iAPX 86 1 88 microsystems. 

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 






CONTROL TRANSFER (Continued): 










JE/JZ = Jump on equal zero 


|0 1 1 


10 10 


0 | 


disp | 


JL/JNGE = Jump on less not greater or equal 


|0 1 1 


1110 


0 | 


disp | 


JLE/JNG = Jump on less or equal not greater 


|0 1 1 


1111 


0 | 


disp | 


JB/JNAE = Jump on below not above or equal 


|0 1 1 


10 0 1 


0 | 


djsp | 


JBE/JNA = Jump on below or equal not above 


[01 1 


10 11 


0 | 


disp | 


JP/JPE = Jump on parity parity even 


|0 1 1 


110 1 


0 | 


disp | 


JO = Jump on overflow 


|0 1 1 


10 0 0 


0 | 


disp | 


JS = Jump on sign 


|0 1 1 


110 0 


0 | 


disp | 


JNE/JNZ = Jump on not equal not zero 


|0 1 1 


10 10 


1 I 


disp | 


JNL/JGE = Jump on not less greater or equal 


|0 1 1 


1<1 1 0 


1 I 


disp | 


JNLE/JG = Jump on not less or equal greater 


|o 1 1 


1111 


1 I 


disp | 


JNB/JAE = Jump on not below above or equal 


|0 1 1 


10 0 1 


1 I 


disp | 


JNBE/JA = Jump on not below or equal above 


|0 1 1 


10 11 


1 I 


disp | 


JNP/JPO = Jump on not par par odd 


|0 1 1 


110 1 


1 I 


disp | 


JNO = Jumpon not overflow 


|0 1 1 


10 0 0 


1 I 


disp | 


JNS = Jump on not sign 


|0 1 1 


110 0 


1 I 


disp ] 


JCXZ = Jump on CX zero 


1, 11 


0 0 0 1 


1 [ 


disp | 












LOOP = Loop CX times 


h 11 


0 0 0 1 


0 | 


disp | 


LOOPZ/LOOPE = Loop while zero equal 


h 11 


0 0 0 0 


1 I 


disp | 


LOOPNZ LOOPNE - Loop while not zero equal 


l, 1, 


0 0 0 0 


0 | 


disp | 



Clock 
Cycles 



Comments 



4/13 
4/13 
4/13 
4/13 
4/13 
4/13 
4/13 
4/13 
4/13 
4/13 
4/13 
4/13 
4/13 
4/13 
4/13 
4/13 
5/15 
6/16 
6/16 
6/16 



JMP not 
taken/JMP 
taken 



LOOP not 
taken/LOOP 
taken 




INT = Interrupt: 

Type specified 
Type 3 

INTO = Interrupt on overflow 



|1 1 0 0 1 1 0 1 I 



type 



|1 1 0 0 1 1 0 0 \ 



1 1 10 0 1 11 0 | 
IRET = Interrupt return 1 1 10 0 111 1 | 



47 
45 
48/4 

28 



if INT. taken/ 
if INT. not 
taken 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 


Clock 
Cycles 


Comments 


PROCESSOR CONTROL 








CLC = Clear carry 


|1 1 1 1 1 0 0 0 | 


2 




CMC = Complement carry 


|1 1 1 1 0 1 0 1 | 


2 




STC = Set carry 


|1 1 1 1 1 0 0 1 | 


2 




CLO = Clear direction 


|1 1 1 1 t 1 0 0 | 


2 




STD = Set direction 


|1 1 1 1 1 1 0 1 | 


2 




CU = Clear interrupt 


|1 1 1 1 1 0 1 0 | 


2 




STI = Set interrupt 


|1 1 1 1.1 0 1 1 | 


2 




HIT = Halt 


1 1 1110 10 0| 


2 




WAIT = Wait 


|1 0 0 1 1 0 1 1 | 


6 


if test = O 


LOCK = Bus lock prefix 


1 1 1 1 1 0 0 0 0| 


2 




ESC = Processor Extension Escape 


j 1 0 0 1 1 T T T | mod LLL r m | 


6 






(TTT LLL are opcode to processor extension) 







Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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FOOTNOTES 



The effective Address (EA) Of the memory operand is 
computed according to the mod and r/m fields: 

if mod = 1 1 then r/m is treated as a REG field 

if mod = OOthenDISP = 0*, disp-low and disp-high 

are absent 

if mod = 01 then DISP = disp-low sign-extended to 

16-bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m = OlOthenEA = (BP) + (SI) + DISP 
if r/m = 011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + blSP 
if r/m = 101 then EA = (Dl) + DISP 
if r/m = 110 then EA = (BP) + DISP* 
if r/m = 1 1 1 then EA = (BX) + DISP 



REG is assigned according to the following table: 



16-Bit (w = 1) 


8-Bit(w = 0) 


000 AX 


* 000 AL 


001 CX 


001 CL 


010 DX 


010 DL 


011 BX 


011 BL 


100 SP 


100 AH 


101 BP 


101 CH 


110 SI 


110 DH 


111 Dl 


111 BH 



The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op 1 
erands of the string primitive operations (those ad- 
dressed by the Dl register) are computed using the ES 
segment, which may not be overridden. 



DISP follows 2nd byte of instruction (before data if 
required) 

* except if mod = 00 and r/m = 110thenEA = disp-high: disp-low. 

EA calculation time is 4 clock cycles for all modes, and 
is included in the execution times, given whenever 
appropriate. 



SEGMENT OVERRIDE PREFIX 

|0 0 1 reg 1 1 o| 



reg is assigned according to the following: 

Segment 
reg Register 

00 ES 

01 CS 

10 SS 

11 DS 
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8 & 16-BIT HMOS I/O PROCESSOR 



■ High Speed DMA Capabilities Including 
I/O to Memory, Memory to I/O, Memory 
to Memory, and I/O to I/O 

■ IAPX 86, 88 Compatible: Removes I/O 
Overhead from CPU in iAPX 86/11 or 
$8/11 Configuration 

■ Allows Mixed Interface of 8- & 16-Bit 
Peripherals, to 8- & 16-Bit Processor 
Busses 

■ 1 Mbyte Addressability 



Memory Based Communication with 
CPU 

Supports LOCAL or REMOTE I/O 
Processing 

Flexible, Intelligent DMA Functions 
Including Translation, Search, Word 
Assembly/Disassembly 

MULTIBUS™ Compatible System 
Interface 

Available in EXPRESS 

- Standard Temperature Range 



The Intel® 8089 is a revolutionary concept in microprocessor input/output processing. Packaged in a 40-pin DIP package, 
the 8089 is a high performance processor implemented in N-channel, depletion load silicon gate technology (HMOS). The 
8089s instruction set and capabilities are optimized for high speed, flexible and efficient I/O handling. It allows easy 
interface of Intel's 16-bit iAPX 86 and 8-bit iAPX 88 microprocessors with 8- and 16-bit peripherals. In the REMOTE 
configuration, the 8089 bus is user definable allowing it to be compatible with any 8/1 6Tbit Intel microprocessor, interfacing 
easily to the Intel multiprocessor system bus standard MULTIBUS™. 

The 8089 performs the function of an intelligent DMA controller for the Intel iAPX 86, 88 family and with its processing 
power, can remove I/O overhead from the iAPX 86 or iAPX 88. It may operate completely in parallel with a GPU, giving 
dramatically improved performance in I/O intensive applications. The 8089 provides two I/O channels, each supporting a 
transfer rate up to 1.25 mbyte/sec at the standard clock frequency of 5 MHz. Memory based communication between the 
lOPand CPU enhances system flexibility and encourages software modularity, yielding more reliable, easier to develop 
systems. 



DMA — 

TERMINATE1 



I/O CHANNEL 1 



CHANNEL 
dONTROL 



REGISTER 
FILE 



DMA 
TERMINATE2 



CHANNEL 
CONTROL 



REGISTER 
FILE 



MAIN 
CONTROL 



I/O CHANNEL 2 



ASSEMBLY/ 
DISASSEMBLY 



BUS 
CONTROL 
AND 
ARBITRATION 



INSTRUCTION 
FETCH UNIT 



ADDRESS/ 
DATA 



Figure 1. 8089 I/O Processor Block Diagram 



VssC 1 

A14/D14 C 2 

A13/D13C 3 

A12/D12C 4 

A11/D11 C 5 

A10/D10C 6 

A9/D9C 7 

* MIDBC 8 

A7/07 C 9 

A6/D6C 10 

A5/D5C 11 

A4/D4H 12 

A3/03C 13 

A2/D2C 14 

A1/01C 15 

A0/O0 [Z 16 

SINTR-lC 17 

SINTR 2 C 18 

CLKC 19 

VssC 20 



40 □ V CC 

39 □ A15/D15 

38 □ A16/S3 

37 □ A17/S4 

36 □ A18/S5 

3S □ A19/S6 

34 □ BHE 

33 □ EXT 1 

32 □ EXT 2 

31 □ DRQ 1 

30 □ DRQ 2 

29 □ LOCK 

28 □ S2 

27 □ SI 

26 □ SO 

25 □ RQ/Gf 

24 □ SEL 

23 □ CA 

22 □ READY 

21 □ RESET 



Figure 2. 
8089 Pin Configuration 



Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Implied 
LINTEL CORPORATION, 1980 
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Table 1. Pin 



Symbol 


Type 


Name and Function 


A0-A15/ 
D0-D15 


I/O 


Multiplexed Address and Data Bus: The 

function of these lines are defined by the 
state of §5, 5T and 52 lines. The pins are 
' floated after reset and when the bus is not 
acquired. A8-A15 are stable on transfers to a 
physical 8-bit data bus (same bus as 8088), 
and are multiplexed with data on transfers to 
a 16-bit physical bus. 


A16-A19/ 
S3-S6 


0 


Address and Status: Multiplexed most 

cirtnif'mant aHHroeo linae anH ctatiic in. 

siyniTicani auuroas lines aiiu oiaiuo in- 

formation. The address lines are active only 
when addressing memory. Otherwise, the 
status lines are active and are encoded as 
shown below. The pins are floated after reset 
and when the bus is not acquired. 
S6S5S4S3 

110 0 DMA cycle on CH1 
110 1 DMA cycle on CH2 

1110 Non-DMA cycle on CH1 

1111 Non-DMA cycle on CH2 


BHE 


0 


Bus High Enable: The Bus High Enable is 
used to enable data operations on the most 
significant half of the data bus (D8-D1 5). The 
signal is active low when a byte is to be 
transferred on the upper half of the data bus. 
The pin is floated after reset and when the 
bus is not acquired. BHE does not have to be 
latched. 


S0.S1.S2 


0 


Status: These are the status pins that define 
the IOP activity during any given cycle. They 
are encoded as shown below: 
§2 Si SO . 

0 0 0 Instruction fetch; I/O space 
0 0 1 Data fetch; I/O space 
0 1 0 Data store; I/O space 

0 1 1 Not used 

1 0 0 Instruction fetch; System Memory 

1 O 1 Hata f ptch * Sx/^tAin Mpmnru 

1 w 1 L^OIO 1 G Ivl 1 1 Oj OIOI 1 1 IVIY7lllwiy 

1 1 0 Data store; System Memroy 

1 1 1 Passive 
The status lines are utilized by the bus 
controller and bus arbiter to generate all 
memory and I/O control signals. The signals 
change during T4 if a new cycle is to be 
entered while the return to passive state in T3 
or Tyv indicates the end of a cycle. The pins 
are floated after system reset and when the 
bus is not acquired. 


READY 


1 


Ready: The ready signal received from the 
addressed device indicates that the device is 
ready for data transfer. The signal is active 
high and is synchronized by the 8284 clock 
generator. 



Description 



Symbol ' 


Type 


Name and Function 


K5CK 


0 


Lock: The lock output signal indicates to the 
bus controller that the bus is needed for more 
than one contiguous cycle. It is set via the 
channel control register, and during the TSL 
instruction. The pin floats after reset and 
when the bus is not acquired. This output is 
active low. 


RESET 


I 


Reset: The receipt of a reset signal causes 
the IOP to suspend all its activities and enter 
an idle state until a channel attention is 
received. The signal must be active for at 
least four clock cycles. 


CLK 


r 


Clock: Clock provides all timing needed for 
internal IOP operation. 


CA 


i 


Channel Attention: Gets the attention of the 
IOP. Upon the falling edge of this signal, the 
SEL input pin is examined to determine 
Master/Slave or CH1/CH2 information. This 
input is active high. 


SEL 


i 


Select: The first CA received after system 
reset informs the IOP via the SEL line, whe- 
ther it is a Master or Slave (0/1 for Mas- 
ter/Slave respectively) and starts the in- 
itialization sequence During any other CA 
the SEL line signifies the selection of 
CH1/CH2. (0/1 respectively.) 


DRQ1-2 


■ 


Data Request: DMA request inputs which 
signal the IOP that a peripheral is ready to 
transfer/receive data using channels 1 or 2 
respectively. The signals must be held active 
high until the appropriate fetch/stroke is 
initiated. 


RQ/GT 


I/O 


Request Grant: Request Grant implements 
the communication dialogue required to ar- 
bitrate the use of the system bus (between 
IOP and CPU, LOCAL mode) or I/O bus when 
two lOPs share the same bus (REMOTE 
mode). The RQ/GT signal is active low. An 
internal pull-up permits RQ/GT to be left 
floating if not used. 


SINTR1-2 


0 


Signal Interrupt: Signal Interrupt outputs 
from channels 1 and 2 respectively. The 
interrupts may be sent directly to the CPU or 
through the 8295A interrupt controller. They 
are used to indicate to the system the 
occurrence of user defined events. 


EXT1-2 


I 


External Terminate: External terminate 
inputs for channels 1 and 2 respectively, the 
EXTsignals will cause the termination of the 
current DMA transfer operation if the chan- 
nel is so programmed by the channel control 
register. The signal must be held active high 
until termination is complete. 


V C G 




Voltage: +5 volt power input. 


v S s 




Ground. 



3-495 



AFN-00840E 



8088 



FUNCTIONAL DESCRIPTION 

The 8089 IOP has been designed to remove I/O proces- 
sing, control and high speed transfers from the central 
processing unit. Its major capabilities include that of in- 
itializing and maintaining peripheral components and 
supporting versatile DMA. This DMA function boasts 
flexible termination conditions (such as external termi- 
nate, mask compare, single transfer and byte count ex- 
pired). The DMA function of the 8089 IOP uses a two cy- 
cle approach where the information actually flows 
through the 8089 IOP. This approach to DMA vastly sim- 
plifies the bus timings and enhances compatibility with 
memory and peripherals, in addition to allowing opera- 
tions to be performed on the data as it is transferred. 
Operations can include such constructs as translate, 
where the 8089 automatically vectors through a lookup 
table and mask compare, both on the "fly". 

The 8089 is functionally compatible with Intel's iAPX 86, 88 
family. It supports any combination of 8/16-bit busses. In 
the REMOTE mode it can be used to complement other 
Intel processor families. Hardware and communication 
architecture are designed to provide simple mechanisms 
for system upgrade. 

The only direct communication between the IOP and 
CPU is handled by the Channel Attention and Interrupt 
lines. Status information, parameters and task pro- 
grams are passed via blocks of shared memory, simpli- 
s tying hardware interface and encouraging structured 
programming. ^ 

The 8089 can be used in applications such as file and 
buffer management in hard disk or floppy disk control. It 
can also provide for soft error recovery routines and scan 



control. CRT control, such as cursor control and auto 
scrolling, is simplified with the 8089. Keyboard control, 
communication control and general I/O are just a few of 
the typical applications for the 8089. 

Remote and Local Modes 

Shown in Figure 3 is the 8089 in a LOCAL configuration. 
The iAPX 86 (or iAPX 88) is used in its maximum mode. The 
8089 and iAPX 86 reside on the same local bus, sharing the 
same set of system buffers. Peripherals located on the 
system bus can be addressed by either the iAPX 86 or the 
8089. The 8089 requests the use of the LOCAL bus by 
means of the RQ/GT line. This performs a similar function 
to that of HOLD and HLDA on the Intel 8085A, 8080A and 
iAPX 86 minimum mode, but is implemented on one 
physical line.. When the iAPX 86 relinquishes the system 
bus, the 6089 uses the same bus control, latches and 
transceiver components to generate the system address, 
control and data lines. This mode allows a more 
economical system configuration at the expense of 
reduced CPU thruput due to IOP bus utilization. 

A typical REMOTE configuration is shown in Figure 4. In 
this mode, the lOP's bus is physically separated from 
the system bus by means of system buffers/latches. The 
IOP maintains its own local bus and can operate out of 
local or system memory. The system bus interface con- 
tains the following components: 

• Up to three 8282 buffer/latches to latch the address to 
the system bus. 

• Up to two 8286 devices bidirectionally buffer the 
system data bus. 
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Figure 3. Typical iAPX 86/11, 88/11 Configuration with 8089 in LOCAL Mode, 8088, 8086 in MAX Mode 
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• An 8288 bus controller supplies the control signals 
necessary for buffer operation as well as MRDC 
(Memory Read) and MWTC (Memory Write) signals. 

• An 8289 bus arbiter performs ail the functions 
necessary to arbitrate the use of the system bus. This 
is used in place of the RQ/GT logic in the LObAL 
mode. This arbiter decodes type of cycle information 
from the 8089 status lines to determine if the IOP 
desires to perform a transfer over the "common" or 
system bus. 

The peripheral devices PER1 and PER2 are supported on 
their own data and address bus. the 8089 communicates 
with the peripherals without affecting system bus opera- 
tion. Optional buffers may be used on the local bus when 
capacitive loading conditions so dictate. I/O programs and 
RAM buffers may also reside on the local bus to further 
reduce system bus utilization. 

COMMUNICATION MECHANISM 

Fundamentally, communication between the CPU and 
IOP is performed through messages prepared in shared 
memory. The CPU can cause the 8089 to execute a pro- 
gram by placing it in the 8089's memory space and/or 
directing the 8089's attention to it by asserting a hard- 
ware Channel Attention (CA) signal to the IOP, ac- 
tivating the proper I/O channel. The SEL Pin indicates to 



the IOP which channel is being addressed. Communica- 
tion from the IOP to the processor can be performed in a 
similar manner via a system interrupt (SINTR 1,2), if the 
CPU has enabled interrupts for this purpose. Addition- 
ally, the 8089 can store messages in memory regarding 
its status and the status of any peripherals. This com- 
munication mechanism is supported by a hierarchial 
data structure to provide a maximum amount of flexi- 
bility of memory use with the added capability of handl- 
ing multiple lOP's. 

Illustrated in Figure 5 is an overview of the communica- 
tion data structure hierarchy that exists for the 8089 I/O 
processor. Upon the first CA from RESET, if the IOP is 
initialized as the BUS MASTER, 5 bytes of information are 
read into the 8089 starting at location FFFF6 (FFFF6, 
FFFF8-FFFFB) where the type of system bus (16-bit or 8- 
bit) and pointers to the' system configuration block are 
obtained. This is the only fixed location the 8089 accesses. 
The remaining addresses are obtained via the data struc- 
ture hierarchy. The 8089 determines addresses in the 
same manner as does the iAPX 86; i.e., a 16-bit relocation 
pointer is offset left 4 bits and added to the 16-bit address 
offset, obtaining a 20-bit address. Once these 20-bit ad- 
dresses are formed, they are stored as such, as all the 8089 
address registers are 20 bits long. After the system con- 
figuration pointer address is formed, the 8089 IOP ac- 
cesses the system configuration block. 
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Figure 4. Typical REMOTE Configuration 
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Figure 5. Communication Data Structure Hierarchy 

The System Configuration Block (SCB), used only dur- 
ing startup, points to the Control Block (CB) and provides 
IOP system configuration data via the SOC byte. The 
SOC byte initializes IOP I/O bus width to 8/16, and 
defines one of two IOP RQ/GT operating modes. For 
R5/GT mode 0, the IOP is typically initialized as SLAVE 
and has its RO/ST line tied to a MASTER CPU (typical 
LOCAL configuration). In this mode, the CPU normally 
has control of the bus, grants control to the IOP as need- 
ed, and has the bus restored to it upon IOP task comple- 
/ tion (IOP request^CPU grant— IOP done). For RQ/GT 
mode 1, useful only in remote mode between two lOPs, 
MASTER/SLAVE designation is used only to initialize 
bus control: from then on, each IOP requests and grants 
as the bus is needed (IOP1 request— IOP2 grant—IOP2 
request— IOP1 grant). Thus, each IOP retains bus con- 
trol until the other requests it. The completion of in- 
itialization is signalled by the IOP clearing the BUSY 
flag in the CB. This type of startup allows the user to 
have the startup pointers in ROM with the SCB in RAM. 
Allowing the SCB to be in RAM gives the user the flex- 
ibility of being able to initialize multiple lOPs. 

The Control Block furnishes bus control Initialization for 
the IOP operation (CCW or Channel Control Word) and 
provides pointers to the Parameter Block or "data" 
memory for both channels 1 and 2. The CCW is retrieved 
and analyzed upon all CA's other than ( the first after a 
reset. The CCW byte is decoded to determine channel 
operation. 

The Parameter Block contains the address of the Task 
Block and acts as a messge center between the IOP and 
CPU. Parameters or variable information is passed from 
the CPU to its IOP in this block to customize the soft- 
ware interface to the peripheral device. It is also used 
for transferring data and status information between the 
IOP and CPU. 

The Task Block contains the instructions for the respec- 
tive channel. This block can reside on the local bus of 



the IOP, allowing the IOP to operate concurrently with 
the CPU, or reside in system memory. 

The advantage of this type of communication between 
the processor, IOP and peripheral, is that it allows for a 
very clean method for the operating system to handle 
I/O Routines. Canned programs or "Task Blocks" allow 
for execution of general purpose I/O routines with the 
status 1 and peripheral command information being 
passed via the Parameter Block ("data" memory). Task 
Blocks (or "program" memory) can be terminated or 
restarted by the CPU, if need be. Clearly, the flexibility 
of this communication lends itself to modularity and ap- 
plicability to a large number of peripheral devices and 
upward compatibility to future end user systems and 
microprocessor families. 

Register Set 

The 8089 maintains separate registers for its two I/O channels 
as well as some cdmmon registers (see Figure 6). There are 
sufficient registers for each channel to sustain its own DMA 
transfers, and process its own instruction stream. The basic 
DMA pointer registers (GA, GB-20 bits each), can point to either, 
the system bus or local bus, DMA source or destination, and 
can be autoincremented. A third register set (GC) can be used 
to allow translation during the DMA process through a lookup 
table it points to. The channel control register, which may be 
accessed only by a MOV, or MOVI instruction, determines the 
mode of the channel operation. Additionally, registers are pro- 
vided for a masked compare during the data transfer and can 
be set up to act as one of the termination conditions. Gther 
registers are also provided. Many of these registers can be used 
as general purpose registers during program execution, when 
the IOP is not performing DMA cycles. 



USER programmable: 





GP APDRESS A (OA) 




G P ADDRESS B (GB) 




g.p. Address c <gc> 




v TASK POINTER (TP) 


v -~_ 1 BIT POINTER TO EITHER I/O OR SYSTEM MEMORY SPACE 


15 1 0 




INDEX (IX) 




BYTE COUNT (BC) 




MASK | COMPARE (MC) 




CHANNEL CONTROL (CC) 



NON USER PROGRAMMABLE 
(ALWAYS POINTS TO SYSTEM MEMORY) 
1»1 



PARAMETER POINTER (PP) 



CHANNEL CONTROL POINTER (CP) 



Figure 6. Register Model 



Bus Operation 

The 8089 utilizes the same bus structure as the 
iAPX 86, 88 in their maximum mode configurations (see 
Figure 7). The address is time multiplexed with the data 
on the first 16/8 lines. A16 through A19 are time multi- 
plexed with four status lines S3-S6. For 8089 cycles, S4 
and S3 determine what type of cycle (DMA versus non- 
DMA) is being performed on channels 1 or 2. S5 and S6 
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are a unique code assigned to the 8089 IOP, enabling 
the user to detect which processor is performing a bus 
cycle in a multiprocessing environment. 

The first three status lines, S0-S2, are used with an 8288 
bus controller to determine if an instruction fetch or 
data transfer is being performed in I/O or system 
memory space. 

DMA transfers require at least two bus cycles with each 
bus cycle requiring a minimum of four clock cycles. Ad- 
ditional clock cycles are added if wait states are re- 
quired. This two cycle approach simplifies considerably 
the bus timings in burst DMA. The 8089 optimizes the 
transfer between two different bus widths by using 
three bus cycles versus four to transfer 1 word. More 
than one read (write) is performed when mapping an 
8-bit bus onto a 16-bit bus (vice versa). For example, a 
data transfer from an 8-bit peripheral to a 16-bit physical 
location in memory is performed by first doing two 
reads, with word assembly within the IOP assembly 
register file and then one write. 

As can be expected, the data bandwidth of the IOP is a 
function of the physical bus width of the system and I/O 
busses. Table 2 gives the bandwidth, latency and bus 
utilization of the 8089. The system bus is assumed to be 



1 6-bit s wide with either an 8-bit peripheral (under byte 
column) or 16-bit peripheral (word column) being shown. 
* 

The latency refers to the worst case response time by 
the IOP to a DMA request, without the bus arbitration 
times. Notice that the word transfer allows 50% more 
bandwidth. This occurs since three bus cycles are re- 
quired to map 8-bit data into a 16-bit location, versus two 
for a 16-bit to 16-bit transfer. Note that it is possible to 
fully saturate the system bus in the LOCAL mode 
whereas in the REMOTE mode this is reduced to a max- 
imum of 50%. 

Table 2. Achievable 5 MHz 8089 Operations with 
a 16-Bit System Bus 





Local 


Remote 


Byte 


Word 


Byte 


Word 


Bandwidth 


830KB/S 


1250 KB/S 


830 KB/S 


1250 KB/S 


Latency 


1.0/2.4 usee* 


1.0/2.4 M sec* 


1.0/2.4 M sec* 


1.0/2.4 M sec* 


System Bus 
Utilization 


2.4 fisec 
PER 
TRANSFER 


1.6MS6C 

PER 
TRANSFER 


0.8 psec 
PER 
TRANSFER 


0.8 fisec 
PER 
TRANSFER 



"2.4 usee if interleaving with other channel and no wait states. Vsec if 
channel is waiting for request. 



T 2 | T, | T W »,T j T 4 I T, | T 2 | T, | 
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Figure 7. 8089 Bus Operation 
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ABSOLUTE MAXIMUM RATINGS' 



Ambient Temperature Under Bias .0°C to 70°C 

Storage Temperature -65X to + 150°C 

Voltage on Any Pin with 

Respect to Ground - 1 .0 to + 7V 

Power Dissipation 2.5 Watt 



"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


v.. 


inpui low voltage 


ft R 


• AO 
T U.O 


w 
V 




V,H 


Input High Voltage 


2.0 


V CC +1-0 


V 




Vol 


Output Low Voltage 




0.45 


V 


I 0 l= 2.0 mA 


Voh 


Output High Voltage 


2.4 




V 


Ioh = -400 mA 


'cc 


Power Supply Current 




350 


mA 


T A = 25°C 


«LI 


Input Leakage Current (1) 




±10 


MA 


0V < VIN < V cc 


•lo 


Output Leakage Current 




±10 


mA 


0.45V ^ V 0U T < V CC 


V CL 


Clock Input Low Voltage 


-0.5 


+ 0.6 


V 




V C H 


Clock Input High Voltage 


3.9 


V CC +1-0 


V 




C|N 


Capacitance of Input Buffer 
(All input except 
AD 0 -AD 15 , RQ/GT) 




15 


pF 


fc = 1 MHz 




Capacitance of I/O Buffer 
(AD 0 -AD 15 , RQ/GT) 




15 


pF 


fc = 1 MHz 



A.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 5V ±10%) 

8089/8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLCL 


CLK Cycle Period 


200 


500 


ns 




TCLCH 


CLK Low Time 


(2/jTCLCL)- 15 




ns 




TCHCL 


CLK High Time 


(V 3 TCLCL) +2 




ns 




TCH1CH2 


CLK Rise Time 




10 


ns 


From 1 0V to 3 5 V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3 5V to 1 0V 


TDVCL 


( Data In Setup Time 


30 




ns 




TCLDX 


Data In Hold Time 


~ 10 




ns 




TR1VCL 


RDY Setup Time into 8284 (See Notes 1, 2) 


35 




ns 




TCLR1X 


ROY Hold Time into 8284 (See Notes 1, 2) 


0 




ns 




TRYHCH 


READY Setup Time into 8089 


(2/3 TCLCL) - 15 




ns 




TCHRYX 


READY Hold Time into 8089 


30 




ns 




TRYLCL 


READY Inactive to CLK (See Note 4) 


-8 




ns 




TINVCH 


Setup Time Recognition (DRQ 1,2 RESET, Ext 1,2) (See Note 2) 


30 




ns 




TGVCH 


RQ/GT Setup Time 


30 




ns 




TCAHCAL 


CA Width 


95 




ns 




TSLVCAL 


SEL Setup Time 


75 




ns 




TCALSLX 


SEL Hold Time 


0 , 




ns 




TCHG* 


GT Hold Time into 8089 


40 




ns 




TILIH 


Input Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLML 


Command 'Active Delay (See Note 1) 


10 


35 


ns 


Cl = 80 pF 


TCL*MH 


Command Inactive Delay (See Note 1) 


10 


35 


ns 




TRYHSH 


READY Active to Status Passive (See Note 3) 




110 


ns 






Status Active Delay 










TCLSH 


Status Inactive Delay 


10 


130 






TCLAV 


Address Valid Delay 


10 


110 








Address Hold Time 










TCLAZ 


Address Float Delay 


TCLAX 


80 








Qtatnc V/alis-l tr\ Al C WiVih (Coo Nl/->to 1 \ 

oidius vaiio 10 nLC nryn pec inuic ij 




15 






TCLLH 


\m»li\ low to alc valla (oee iNOie ij 








Cl = 150 pF 


TCHLL 


ALE Inactive Delay (See Note 1) 




15 


ns 




TCLDV 


Data Valid Delay 


10 


110 


ns 




TCHDX 


Data Hold Time 


10 




ns 




TCVNV 


Control Active Delay (See Note 1) 


5 


45 


ns 




TCVNX 


Control Inactive Delay (See Note 1) 


10 


45 


ns 




TCHDTL 


Direction Control Active Delay (See Note 1) 




50 


ns 




TCHDTH 


Direction Control Inactive Delay (See Note 1) 




30 


ns 




TCLGL 


RQ Active Delay 


0 


85 


ns 


Cl= 100 pF 


TCLGH 


RQ Inactive Delay 




85 


ns 


Note 5: Cl = 30 pF 


TCLSRV 


SINTR Valid Delay 




150 


ns 


C L = 100 pF 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTES: 1 Signal at 8284 or 8288 shown tor reference only 4 Applies only to T2 State 

2 Setup requirement for asynchronous signal only to guarantee recognition at next CLK 5 Applies only if RQ/GT Mode 1 Ci_=30pf. 2 7 Kn pull up to Vcc 

3 Aplies only to T3 and TW states 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 




AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR 
A LOGIC 0 THE CLOCK IS DRIVEN AT 4 3V AND 0 25V TIMING MEASURE- 
MENTS ARE MADE AT 1 5V FOR BOTH A LOGIC 1 AND 0 



DEVICE 
UNDER 
TEST 



I 



C L = 100 pF 



C L =■ 100 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



8089 BUS TIMING USING 8288 



SEE NOTE 7 TO AN 8-BIT /PHYSICAL BUS 



REAO - (MWTC,AMWC,IOWC,AIOWC = Vqh) 



8288 OUTPUTS 
SEE NOTES 4, 5 



WRITE - (RO,MRDC,IORC,DT/R = V 0M ) 



T« 

TCLCL - 




8288 OUTPUTS 
SEE NOTES 4,5 



ALL SIGNALS SWITCH BETWEEN V OM AND V 0L UNLESS OTHERWISE SPECIFIED 

HOY IS SAMPLED NEAR THE ENO OF T 2 T 3 T», TO DETERMINE IF T w MACHINE STATES ARE TO 8E INSERTED 
FOLLOWING A WRITE CYCLE DATA REMAINS VALID ON THE SON LOCAL BUS UNTIL A LOCAL BUS MASTER DECIOI 
CYCLE THE LOCAL BUS IS FLOATED BY THE 8089 WHEN THE 8089 ENTERS A REQUEST BUS ACKNOWLEDGE ST A 

SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY 

THE ISSUANCE OF THE 8288 COMMAND AND CONTROL SIGNALS IMRDC MWTC AMWC IORC IOWC AIOWC TJ 
ACTIVE HIGH 8288 CEN 

ALL TIMING MEASUREMENTS ARE MADE AT t 5V UNLESS OTHERWISE NOTED 
A,-A, 5 ARESTABlEON TRANSFERS TOAN8BIT PHYSICAL OATABUS.t A, A,., 
DON T FLOAT ON A READ FROM AN 8 BIT PHYSICAL BUS OR MULTIPLEX WITH 
DATA ON A WRITE TO AN 8 BIT PHYSICAL BUS ThE IS STABLE INON 
MULTIPLEXED! FOR ALL TRANSFERS 



IN ANOTHER 81 
> DEN) LAGS Th 
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8089 



WAVEFORMS (Continued) 



ASYNCHRONOUS SIGNAL RECOGNITION 



ORG 1,2 
RESET 



1 SETUP REQUIREMENTS FOR ASYNCHRONOUS SIGNALS ONLY TO GUARANTEE 
RECOGNITION AT NEXT CLK 

2 ALL INPUTS EXCEPT CA ARE LATCHED ON A CLK EDGE THE CA INPUT IS 



— TINVCH (SEE NOTE 1) 



X 



NEGA1 IVE EDGE TRIGGERED 
3 DRO BECOMING ACTIVE GREATER THAN 30 ns AFTER THE RISING EDGE OF CLK 
WILL GUARANTEE NON RECOGNITION UNTIL THE NEXT RISING CLOCK EDGE 



BUS LOCK SIGNALTIMING AND SINTR TIMING 

— - Any CLK Cycl« -»l I- — Any CLK Cycl* — | 



V 



f 



J V 



REQUEST/GRANT SEQUENCE TIMINGS 



j~i_n 

8089 AS SLAVE (MODE 0) 



n 



Ln_n_n_j 

MASTER ' 8089 FLOAT 



r TCLGH* 



19 REQUESTS BUS 



'J 



MASTER 
FLOATS 
STATUS BUS] 



\ 



- MASTER FLOATS A/D BUS 



8089 GT INPUT 
(FROM MASTER) 



8089 AS MASTER (MODE 1) 
TCHGX — * 



— 8089 WAITS FOR BUS 



-8089 FLOATS STATUS BUS 



8089 RQ INPUT 
(FROM CURRENT SLAVE) 



-8089 USES BUS 



r 



8089 AS MASTER (MODE 0 
TCHGX- 



F 



9 FLOATS A/D BUS 



nrv 



8089 FLOATS A/D BUS-! 



U— TCLGH* 

f 



8089 RELEASES BUS 



1 1 


«#— TCLGH 




TCLGL 1 




TCHGX- 




/ M 




— 8089 FLOATS 
^ STATUS BUS 







8089 RELEASE INPUT 
(TO MASTER) 



*CPU provides active pull-up 



3-503 



AFN-00840E 



inteT soft 



WAVEFORMS (Continued) 



EXTERNAL TERMINATE SETUP TIMING 

\ r 


\ 

♦TINVCH* 


\ — ' 




■ 
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8089 INSTRUCTION SET SUMMARY 



Data Transfers 



POINTER INSTRUCTIONS 



OPCODE 



0 7 



LPD P,M Load Pointer PPP from Addressed Location 

LPDI P,I Load Pointer PPP Immediate 4 Bytes 

MOVP M,P Store Contents of Pointer PPP in Addressed Location 

MOVP P,M Restore Pointer 



P P P 0 0 A A 1 


1 0 0 0 1 0 M M 


P P P 1 0 0 0 1 


0 0 0 0 1 0 0 0 


P P P 0 0 A A 1 


10 0 1 1 0 MM 


P P P 0 0 A A 1 


1 0 0 0 1 1 M M 



MOVE DATA 



OPCODE 



Source— 
Destination- 
Load Register RRR from Addressed Location 
Store Contents of Register RRR in Addressed Location 
Load Register RRR Immediate (Byte) Sign Extend 
Move Immediate to Addressed Location . 



MOV M,M Move from Source to Destination 

MOV R,M 
MOV M,R 
MOVI R 
MOVI M 



0 0 0 0 0 A AW 


1 0 0 1 0 0 M M 


0 0 0 0 0 A AW 


110 0 1 1 M M 


R R R 0 0 A AW 


1 0 0 0 0 0 M M 


RRRO 0AAW 


1 0 0 0 0 1 M M 


RRR wb 0 0 W 


0 0 1 1 0 0 0 0 


0 0 0 wb A AW 


0 10 0 1 1 M M 



Control Transfer 



CALLS 



OPCODE 



'CALL 



Call Unconditional 



07 



MOO dd A AW|1 0 0*1 1 1 M M I 



JUMP 



OPCODE 



JMP Unconditional 

JZ M Jump on Zero Memory 

JZ R Jump on Zero Register 

JNZ M Jump on Non-Zero Memory 

JNZ R Jump on Non-Zero Register 

JBT Test Bit and Jump if True 

JNBT Test Bit and Jump if Not True 

JMCE Mask/Com0are and Jump on Equal 

JMCNE Mask/Compare and Jump on Non-Equal 



10 0 dd, 0 0 W 


0 0 1 0 0 0 0 0 


0 0 0 dd A A W 


1110 0 1 M M 


RRR dd 000 


0 1 0 0 0 1 0 0 


0 0 0 dd A A W 


1 1 1 0 0 0 M M 


RRR dd 000 


0 1 0 0 0 0 0 0 


B B B dd A A 0 


10 11 1 1 M M 


B B B dd A A 0 


10 11 1 0 M M 


0 0 0 dd A A 0 


10 11 0 0 M M 


0 0 0 dd A A 0 


10 11 0 1 M M 



Arithmetic and Logic Instructions 



INCREMENT, DECREMENT 



INC M Increment Addressed Location 

INC R Increment Register 

DEC M Decrement Addressed Location 

DEC R Decrement Register 



OPCODE 



07 



0000 0AAW 


1110 1 0 M M 


RRRO 0000 


0 0 1 1 1 0 0 0 


0 0 0 0 0 A AW 


1110 1 1 M M 


RRRO 0000 


0 0 11 110 0 
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Arithmetic and Logic Instructions 



ADD 


OPCODE 


ADDI M,I ADD Immediate to Memory 
ADDI R,I ADD immediate to Register 
ADD M,R ApD Register to Memory 
ADD R,M ADD Memory to Register 




7 0 7 0 




0 0 0 wb A A W 


1 1 0 0 0 0 M M 


R R R wb Q 0 W 


0 0 1 0 0 0 0 0 


R R R 0 OA AW 


110 1 0 0 M M 


R R R 0 0 A AW 


1 0 1 0 0 0 M M 






AND 


OPCODE 


ANDI M,I AND Memory with Immediate 
ANDI R,I AND Register with Immediate 
AND M,R AND Memory with Register 
AND R,M AND Register with Memory 








0 0 0 wb A A W 


110 0 1 0 M M 


R R R wb 0 0 W 


0 0 1 0 1 0 0 0 


RRR0 0AAW 


110 1 1 0 M M 


RRR0 0AAW 


10 10 1 0 M M 






OR 


OPCODE 


ORI M,I OR Memory with Immediate 
ORI R,I OR Register with Immediate 
OR M,R OR Memory with Register 
OR R,M OR Register with Memory 








0 0 0 wb A AW 


1 1 0 0 0 1 M M 


R R R wb A AW 


0 0 1 0 0 1 0 0 


R R R 0 OA AW 


110 1 0 1 M M 


RRR0 0AAW 


10 10 0 1 M M 






NOT 


OPCODE 


NOT R Complement Register 
NOT M Complement Memory 
NOT R,M Complement Memory, Place in Register 








RRR0 0000 


0 0 10 110 0 


0000 0AAW 


110 1 1 1 M M 


RRR0 0AAW 


1010J1MM 







Bit Manipulation and Test Instructions 



SET 
CLR 



TSL 



BIT MANIPULATION 



Set the Selected Bit 
Clear the Selected Bit 



TEST 



Test and Set Lock 



OPCODE 



07 



BBB0 0AA0 


1111 0 1 M M 


BBB0 0AA0 


1111 1 0 M M 





OPCODE 



|0 0 0 1 1 A A0|1 00 1 0 1MM] 



Control 



' Control 

HLT Halt Channel Execution 

S1NTR Set Interrupt Service Flip Flop 

NOP No Operation 

XFER Enter DMA Transfer 

WID Set Source, Destination Bus Width; S,D 0 = 8, 1 = 16 



OPCODE 
07 



0 0 1 0 0 0 0 0 


0 1 0 0 1 0 0 0 


0 1 0 0 0 0 0 0 


0000 0 0 0 0 


0000 0000 


0 0 0 0 0 0 0 0 


0 1 1 0 0 0 0 0 


0 0 0 0 0 0 0 0 


1 S D 0 0 0 0 0 


0000 0000 
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'AAField in call instruction can be 00, 01, 10 only. 
"OPCODE is second byte fetched. 

All instructions consist of at least 2 bytes, while some 
instructions may use up to 3 additional bytes to specify 
literals and displacement data. The definition of the 
various fields within each instruction is given below: 



NOTES: 

BBB Bit Select Field 

The bit select field replaces the RRR field in bit manipu- 
lation instructions and is used to select a bit to be oper- 
ated on by those instructions. Bit 0 is the least signifi- 
cant bit. 





7 






0 


7 


0 




RRR 


w b 


A A 


W 


OPCODE 


M M 




P p p BBB 













MM 


Base Pointer Select 


00 


GA 


01 


GB 


10 


GC 


11 


PP 



RRR Register Field 

The RRR field specifies a 16-bit register to be used in 
the instruction. If GA, GB, GC or TP, are referenced by 
the RRR field, the upper 4 bits of the registers are load- 
ed with the sign bit (Bit 15). PPP registers are used as 
20-bit address pointers. 



RRR 


000 


rO 


GA 




001 


r1 


GB 




010 


r2 


GC 




011 


r3 


BC 


; byte count 


100 


r4 


TP 


; task block 


101 


r5 


IX 


; index register 


110 


r6 


CC 


; channel control (mode) 


111 


r7 


MC 


; mask/compare 



See Notes 1,2 



01 1 byte literal 

10 2 byte (word) literal 

dd 

01 1 byte displacement 

10 2 byte (word) displacement. 

AA Field 

00 The selected pointer contains the operand address. 

01 The operand address is formed by adding an 8-bit, 
unsigned, offset contained in the instruction to the 
selected pointer. The contents of the pointer are un- 
changed. 

10 The operand address is formed by adding the con- 
tents of the Index register to the selected pointer. 
Both registers remain unchanged. 

11 Same as 10 except the Index register is post auto- 
incremented (by 1 for 8-bit transfer, by 2 for 16-bit 
transfer). 



W Width Field 

0 The selected operand is 1 byte long. 

1 The selected operand is 2 bytes long. 



Additional Bytes 

OFFSET : 8-bit unsigned offset. 
SDISP : 8/16-bit signed displacement. 
LITERAL : 8/16-bit literal. (32 bits for LDPI). 

The order in which the above optional bytes appear in IOP 
instructions is given below: 



PPP 


000 pO GA 

001 p1 GB 
010 p2 GC 
100 p4 TP 


task block pointer 



Offsets are treated as unsigned numbers. Literals and 
displacements are sign extended (2's complement). 



Note 1 . Logical and arithmetic instructions should not be used to update the 
CC register (i.e. -only MOV and MOVI instructions should be used.) 
2. A 20-bit register (GA, GB, GC or TP) that is initialized as a 1 6-bit I/O 
space pointer must be saved at even addresses when using MOVP or 
CALL instructions. 
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NUMERIC DATA COPROCESSOR 



■ CPU/8087 System Supports 8 Data Types: 8-, 
16-, 32-, 64-Bit Integers, 32-, 64-, 80-Bit 
Floating Point, and 18-Digit BCD Operands 

■ Adds 8 x 80-Bit Individually Addressable 
Register Stack 



■ All 24 Addressing Modes Available with 
8086, 8088/80186, 80188 CPUs. 

■ Conforms To Proposed IEEE Floating 
Point Standard 

The 8087 Numeric Data Coprocessor provides the instructions and data types needed for high performance 
numeric applications, providing up to 100 times the performance of a CPU alone. The 8087 is implemented 
in N-channel, depletion load, silicon gate technology (HMOS), housed in a 40-pin package. Sixty-eight numeric 
processing instructions are added to the iAPX 86, 186 instruction sets, and eight 80-bit registers are added 
to the register set. The 8087 conforms to the proposed IEEE Floating Point Standard. 

The two-chip numeric data processing systems are refered to as follows; 
iAPX 86/20-16-bit 8086 CPU with 8087 
iAPX 88/20-8-bit 8088 CPU with 8087 
iAPX 1 86-1 6-bit 801 86 CPU with 8087 
iAPX 188-8-bit 80188 CPU with 8087 



* High Performance Numeric Data Coprocessor 

■ Adds Arithmetic, Trigonometric, Exponential, 
and Logarithmic Instructions to the Standard 
iAPX 86 and iAPX 186 Instruction Set For All 
Data Types 



■ 7 Built-in Exception Handling Functions 

■ MULTIBUS System Compatible Interface 




GND C 


i 


40 


□ v cc 


(A14)AD14 C 




39 


□ AD15 


(A13) AD13 C 


3 


38 


I A16/S3 


(A12) AD12 C 




37 


□ A17/S4 


(A11) AD11 C 




36 


□ A18/S5 


(A10) AD10 C 


6 


35 


□ A19/S6 


(A9)AD9 C 




34 


I BHE/S7 


(A8) AD8 C 


8 


33 


□ RQ/GT1 


AD7 C 


9 


32 


3 INT 


AD6 C 


10 8087 
NPX 


31 


□ RQ/GT0 


AOS C 




30 


□ NC 


AD4 C 


12 


29 


□ NC 


AD3 C 


13 


28 


□ §2 


AD2 C 




27 


□ si 


AD1 C 


15 


26 


□ §5 


ADO C 


16 


25 


□ QSO 


NC C 




24 


□ QS1 


NC C 




23 


□ BUSY 


cue c 


19 


22 


□ READY 


GND C 


20 


21 


□ RESET 



Figure 1. 8087 Block Diagram Figure 2. 8087 Pin Configuration 
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Table 1. 8087 Pin Description 



Symbol 


TVpe 


Name and Function 


AD1 5- ADO 


I/O 


Address Dste* THaqa lina^ fwiotitiito thp timA mnltinlaYoH mpmnrv arlrlrAQQ fT.,\ and Hata fT« T„ T... T..\ hiiQ 
iwuibw wflWi 1 1 low iii ico v/v/iiouiuic ii ic nine iiiuni|jioAou iiiouiuiy auuiooo V*1' a ''^ 1 uaui \ 1 2* 3* W> 4' 

AO is analogous to BHl for the lower byte of the data bus, pins D7-D0. It is LOW during T 1 when a byte 
is to be transterred on the lower portion of the bus in memory operations. Eight-bit eriented devices tied 
to the lower half of the bus would normally use AO to condition chip select functions. These lines are active 
HIGH. They are input/output lines for 8087-driven bus cycles and are inputs which the 8087 monitors when the 
CPU is in control of the bus. A15-A8 do not require an address latch in an iAPX 88/20. The 8087 will supply 
an address for the T r T 4 period. 


A19/S6, 
A18/S5, 
A17/S4, 
A16/S3 


I/O 


1 

Address Memory: During T 1 these are the four most significant address lines for memory operations. During 
memory operations, status information is available on these lines during T 2 , T 3 , T w , and T 4 . For 8087 controlled 
bus cycles, S6, S4, and S3 are reserved and currently one (HIGH), while S5 is always LOW. These lines 
are inputs which the 8087 monitors when the CPU is in control of the bus. 


BHE/S7 


I/O 


Bus High Enable: During T 1 the bus high enable signal (BHE) should be used to enable data onto the most 
significant half of the data bus, pins D1 5-D8. Eight-bit-oriented devices tied to the upper half of the bus 
would normally use BHE to condition chip select functions. BHE is LOW during T 1 for read and write cycles 
when a byte is to be transferred on the high portion of the bus. The S7 status information is available during 
T 2 , T 3 , T w , and T 4 . The signal is active LOW. S7 is an input which the 8087 monitors during the CPU-controlled 
bus cycles. 


S2.ST.S0 


I/O 


Status: For 8087-driven bus cycles, these status lines are encoded as follows: * 

S2 SI SO 

0 (LOW) X X Unused 

1 (HIGH) 0 0 Unused 

1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 % Passive 

Status is driven active during T 4 , remains valid during T, and T 2 , and is returned to the passive state (1,1,1) 
during T 3 or during T w when READY is HIGH. This status is used by the 8288 Bus Controller (or the 82188 
Advanced Bus Controller with a 186/188 CPU) to generate all memory access control signals. Any change 
in S2, S1 , or SO during T 4 is used to indicate the beginning of a bus cycle, and the return to the passive 
state in T 3 or T w is used to indicate the end of a bus cycle. These signals are monitored by the 8067 when 
the CPU is in control of the bus. 




I/O 


Request/Grant: This request/grant pin is used by the 8087 to gain control of the local bus from the CPU for 
operand transfers or on behalf of another bus master. It must be connected to one of the two processor request/ 
grant pins. The request grant sequence on this pin is as follows: 

1. A pulse one clock wide is passed to the CPU to indicate a local bus request by either the 8087 or the master 
connected to the 8087 RQ/GT1 pin. 

2. The 8087 waits for the grant pulse and when it is received will either initiate bus transfer activity in the clock 
cycle following the grant or pass the grant out on the RQ/GT1 pin in this clock if the initial request was for 
another bus master. 

3. The 8087 will generate a release pulse to the CPU one clock cycle after the completion of the fast 8087 bus cycle 
or on receipt of the release pulse from the bus master on RQ/GT1 . 

For iAPX 186 systems, the same sequence applies except RQ/GT signals are converted to appropriate HOLD, 
HLDA signals by the 82188 Advanced Bus Controller. This is to conform with iAPX 186's HOLD, HLDA 
bus exchange protocol. 
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Table 1. 8087 Pin Description (Continued) 



Symbol 


TVpe 


Name and Function 


RQ/GT1 


I/O 


Request/Grant: This request/grant pin is used by another local bus master to force the 8087 to request 
the local bus. If the 8087 is not in control of the bus when the request is made the request/grant sequence 
is passed through the 8087 on the RQ/GT0 pin one cycle later. Subsequent grant and release pulses are 
also passed through the 8087 with a two and one clock delay, respectively, for resynchronization. RQ/GT1 
has an internal puliup resistor, and so may be left unconnected. If the 8087 has control of the bus the request/ 
grant sequence is as follows: 

1. A pulse 1 CLK wide from another local bus master indicates a local bus request to the 8087 (pulse 1). 

2. During the 8087's next T 4 or a pulse 1 CLK wide from the 8087 to the requesting master (pulse 2) 
indicates that the oUo/ has allowed tne local bus to tioat and that it win enter the hu/uT acknowledge 
state at the next CLK. The 8087's control unit is disconnected logically from the local bus during "RQ/GT 
acknowledge." 

3. A pulse 1 CLK wide from the requesting master indicates to the 8087 (pulse 3) that the "RQ/GT" request 
is about to end and that the 8087 can reclaim the local bus at the next CLK. 

Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one dead CLK 
cycle after each bus exchange. Pulses are active LOW. 

For iAPX 186 systems, the RQ/GT1 line may be connected to the 82188 Advanced Bus Controller. In this case, 
a third processor with a HOLD, HLDA bus exchange system may acquire the bus from the 8087. For this 
configuration, RQ/GT1 will only be used if the 8087 is the bus master. 


QS1, QSO 


I 


QS1, QSO: QS1 and QSO provide the 8087 with status to allow tracking of the CPU instruction queue. 

Qol UoU 

0 (LOW) 0 No Operation 

0 1 First Byte oft)p Code from Queue 
1,(HIGH) 0 Empty the Queue 

1 1 Subsequent Byte from Queue 


INT 


0 


Interrupt: This line is used to indicate that an unmasked exception has occurred during numeric instruction 
execution when 8087 interrupts are enabled. This signal is typically routed to an 8259A for 8086 systems 
and to INTO for iAPX 1 86 systems. INT is active HIGH. 


BUSY 


0 


Busy: This signal indicates that the 8087 NEU is executing a numeric instruction. It is connected to the CPU's 
TEST pin to provide synchronization. In the case of an unmasked exception BUSY remains active until the 
exception is cleared. BUSY is active HIGH. 


READY 


I 


Ready: READY is the acknowledgment from the addressed memory device that it will complete the data 
transfer. The RDY signal from memory is synchronized by the 8284A Clock Generator to form READY for 
8086 systems. For iAPX 186 systems, RDY is synchronized by the 82188 Advanced Bus Controller to form 
READY. This signal is active HIGH. 


RESET 


I 


Reset: RESET causes the processor to immediately terminate its present activity. The signal must be active 
HIGH for at least four clock cycles. RESET is internally synchronized. 


CLK 


I 


Clock: The clock provides the basic timing for the processor and bus controller. It is asymmetric with a 
33% duty cycle to provide optimized internal timing. 


Vcc 




Power: V cc is the +5V power supply pin. 


GND 




Ground: GND are the ground pins. 



NOTE: 

For the pin descriptions of the 8086, 8088, 80186 and 80188 CPU's, reference the respective data sheets (iAPX 86/10, iAPX 88/10, 
iAPX 186, iAPX 188). 
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APPLICATION AREAS 

The 8087 provides functions meant specifically for high 
performance numeric processing requirements. Trigo- 
nometric, logarithmic, and exponential functions are 
built into the coprocessor hardware. These functions 
are essential in scientific, engineering, navigational, 
or military applications. 

The 8087 also has capabilities meant for business or 
commercial computing. An 8087 can process Binary 
Coded Decimal (BCD) numbers up to 1 8 digits without 
roundoff errors. It can also perform arithmetic on inte- 
gers as large as 64 bits ± 1 0 18 ). 

PROGRAMMING LANGUAGE SUPPORT 

Programs for the 8087 can be written in Intel's high- 
level languages for iAPX 86, 88 and iAPX 186, 188 
Systems; ASM-86 (the iAPX 86, 88 assembly language), 
PL/M-86, FORTRAN-86, and PASCAL-86. 

RELATED INFORMATION 

For iAPX 86/1 0, iAPX 88/1 0, iAPX 1 86 or iAPX 1 88 details, 
refer to the respective data sheets. 

FUNCTIONAL DESCRIPTION 

The 8087 Numeric Data Processor's architecture is 
designed for high performance numeric computing in 
conjunction with general purpose processing. 



The 8087 is a numeric processor extension that pro- 
vides arithmetic and logical instruction support for a 
variety of numeric data types. It also executes numerous 
built-in transcendental functions (e.g., tangent and log 
functions). The 8087 executes instructions as a copro- 
cessor to a maximum mode CPU. It effectively extends 
the register and instruction set of the system and adds 
several new data types as well. Figure 3 presents the 
registers of the CPU-8087. Table 2 shows the range of 
data types supported by the 8087. The 8087 is treated 
as ah extension to the CPU, providing register, data 
types, control, and instruction capabilities at the hard- 
ware level. At the programmers level the CPU and the 
8087 are viewed as a single unified processor. 



System Configuration 

As a coprocessor to an 8086 or 8088, the 8087 is wired 
in parallel with the CPU as shown in Figure 4. Figure 
5 shows the iAPX 1 86 system configuration. The CPU's 
status (S0-S2) and queue status lines (QS0-QS1) 
enable the 8087 to monitor and decode instructions 
in synchronization with the CPU and without any CPU 
overhead. For iAPX 186 systems, the queue status 
signals of the iAPX 186 are synchronized to 8087 
requirements by the 82188 Advanced Bus Controller. 
Once started, the 8087 can process in parallel with, 
and independent of, the host CPU. For resynchroniza- 
tion, the 8087's BUSY signal informs the CPU that the 
8087 is executing an instruction and the CPU WAIT 
instruction tests this signal to insure that the 8087 is 
ready to execute subsequent instructions. The 8087 
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Figure 3. CPU-8087 Architecture 
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can interrupt the CPU when it detects an error or 
exception. The 8087's interrupt request line is typically 
routed to the CPU through an 8259A Programmable 
Interrupt Controller for 8086, 8088 systems and INTO 
for iAPX, 188. 

The 8087 uses one of the request/grant lines of the 
iAPX 86, 88 architecture (typically RQ/GTl)to obtain 
control of the local bus for data transfers. The other 
request/grant line is available for general system use 
(for instance by an I/O processor in LOCAL mode). 
A bus master can also be connected to the 8087's 
line. In this configuration the 8087 will pass 
the request/grant handshake signals between the CPU 
and the attached master when the 8087 is not in control 
of the bus and will relinquish the bus to the master 
directly when the 8087 is in control. In this way two 
additional masters can be configured in an iAPX 86, 
88/20 system; one will share the 8086 bus with the 
8087 on a first come first served basis, and the second 
will be guaranteed to be higher in priority than the 8087. 



For iAPX 186 systems, EO/rJTO and EQ/ST1 are con- 



nected to the corresponding inputs of the 82188 
Advanced Bus Controller. Because the iAPX has a HOLD, 
HLDA bus exchange protocol, an interface is needed t 
which will translate RQ/GT signals to corresponding ' 
HOLD, HDLA signals and visa versa. One of the funtions 
of the 821 88 ABC is to provide this translation. RQ/GT0 
is translated to HOLD, HLDA signals which are then 
directly connected to the iAPX 1 86. The RG/GT1 line is 
also translated into HOLD, HLDA signals (referred to as 
SYSHOLD, SYSHLDA signals) by the 82188 ABC. This 
allows a third processor (using a HOLD, HLDA bus 
exchange protocol) to gain control of the bus. Unlike an 
iAPX 86/20 system, RQ/GT1 is only used when the 
8087 has bus control. If the third processor requests 
the bus when the current bus master is the 186, the 
821 88 ABC will directly pass the request onto the 1 86 
without going through the 8087. The third processor 
has the highest bus priority in the system. If the 8087 
requests the bus while the third processor has bus 
control, the grant pulse will not be issued until the 
third processor releases the bus (using SYSHOLD). 
In this configuration, the third processor has the highest 
priority, the 8087 has the next highest, and the 1 86 
has the lowest bus priority. 



Data 
Formats 



Byte Integer 



Word Integer 



Short Integer 



Long Integer 



Patked BCD 



Short Real 



Long Real 



Temporary Real 



Table 2. 8087 Data Types 



Range 



10" 



10" 



10' 



10' 



10" 



10- 



:38 



10 



,±308 



10" 



Precision 



8 Bits * 



16 Bits 



32 Bits 



64 Bits 



18 Digits 



24 Bits 



53 Bits 



64 Bits 



Most Significant Byte 



7 0 



<7 lo 



Two's Complement 



hs 



I31 



Iq| Two's Complement 

Two's Complement 



»0 



"63 



Two's 
Complement 



D 17 D 1( 



D1 D 0 



F 23 



Fq Implicit 



E10 Eo F 1 



F52 Fq Implicit 



S E 14 



E 0 Fo 



F 63 



Integer: I 
Packed BCD: (-1) S (D 17 . . .D 0 ) 



Real:(-1) S (2 E - B,AS )(Fo-Fl-«-) 

Bias- 127 for Short Real 
1023 for Long Real 
16383 for Temp Real 
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Bus Operation 

The 8087 bus structure, operation and timing are 
identical to all other processors in the iAPX 86, 88 
series (maximum mode configuration). The address is 
time multiplexed with the data on the first 16/8 lines 
of the address/data bus. A16 through A19 are time 
multiplexed with four status lines S3-S6. S3, S4 and 
S6 are always one (HIGH) for 8087-driven bus cycles 
while S5 is always zero (LOW). When the 8087 is 
monitoring CPU bus cycles (passive mode) S6 is also 
monitored by the 8087 tp differentiate 8086/8088 activity 
from that of a local I/O processor or any other local 
bus master. (The 8086/8088 must be the only processor 
on the local bus to drive S6 LOW.) S7 i s multiplexed 
with and has the same value as BHE for all 8087 
bus cycles. 

The first three status lines, are used with an 

8288 bus controller or 821 88 Advanced Bus Controller 
to determine the type of bus cycle being run: 



55 


ST 


53 




0 


X 


X 


Unused 


1 


0 


0 


Unused 


1 


0 


1 


Memory Data Read 


1 


1 


0 


Memory Data Write 


1 


1 


1 


Passive (no bus 



cycle) 



Programming Interface 

The 8087 includes the standard iAPX 86/10, 88/10 
instruction set for general data manipulation and pro- 
gram control. It also includes 68 numeric instructions 
for extended precision integer, floating point, trigono- 
metric, logarithmic, and exponential functions. Sample 
execution times for several 8087 functions are shown 
in Table 3. Overall system performance is 100 times 
that of an iAPX 86/10 class processor for numeric 
instructions. 

Any instruction executed by the 8087 is the combined 
result of the CPU and 8087 activity. The CPU and the 
8087 have specialized functions and registers providing 
fast concurrent operation. The CPU controls Overall 
program execution while the 8087 uses the coprocessor 
interface to recognize and perform numeric operations. 



Table 2 lists the eight data types the 8087 supports 
and presents the format for each type. Internally, the 
8087 holds all numbers in the temporary real format. 
Load and store instructions automatically convert 
operands represented in memory as 1 6-, 32-, or 64-bit 
integers, 32- or 64-bit floating point numbers or 18- 
digit packed BCD numbers into temporary real format 
and vice versa. The 8087 also provides the capability 
to control round off, underflow, and overflow errors 
in each calculation. 

Computations in the 8087 use the processor's register 
stack. These eight 80-bit registers provide the equivalent 
capacity of 20 32-bit registers. The 8087 register set 
can be accessed as a stack, with instructions operating 
on the top one or two stack elements, or as a fixed 
register set, with instructions operating on explicitly 
designated registers. 

Table 5 lists the 8087's instructions by class. All appear 
as ESCAPE instructions to the host. Assembly language 
programs are written in ASM-86, the iAPX 86, 88 as- 
sembly language. 



Table 3. Execution Times for Selected iAPX 86/20 
Numeric Instructions and Corresponding 
iAPX 86/10 Emulation 



Floating Point 
Instruction 


Approximate Execution 
Time (/as) 


iAPX 86/20 iAPX 86/10 
(5 MHz 

Clock) Emulation 


Add/Subtract 


17 


1,600 


Multiply (single 






precision) 


19 


1,600 


Multiply (extended 






precision) 


27 


2,100 


Divide 


39 


3,200 


Compare 


9 


1,300 


Load (double precision) 


10 


1,700 


Store (double precision) 


21 


1,200 


Square Root 


36 


19,600 


Tangent 


90 


13,000 


Exponentiation 


100 


17,100 
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NUMERIC PROCESSOR 
EXTENSION ARCHITECTURE 



with the CPU while the NEU is busy processing a 
numeric instruction. 



As Shown in Figure 5, the 8087 is internally divided 
into two processing elements, the control unit (CU) 
and the numeric execution unit (NEU). The NEU exe- 
cutes all numeric instructions, while the CU receives 
and decodes instructions, reads and writes memory 
operands and executes 8087 control instructions. The 
two elements are able to operate independently of one 
another, allowing the CU to maintain synchronization 



Control Unit 

The CU keeps the 8087 operating in synchronization 
with its host CPU. 8087 instructions are intermixed with 
CPU instructions in a single instruction stream. The CPU 
fetches all inst ructions from memory; by monitoring the 
status (SO-S2, S6) emitted by the CPU, the control unit 
determines when sin instruction is being fetched. The 



Figure 4. iAPX 86/20, 88/20 System Configuration 



I ,NT r 

8259A 

L -L Rn I 



8284A 
CLOCK 
GENERATOR 



TTZZ 



QS0 QS1 BUSY 
RQ/GT0 



1APX86 
BUS 
INTERFACE 
COMPONENTS 



MULTIMASTER 
SYSTEM 
BUS 



I , 



Figure 5. iAPX 186, 188 System Configuration 
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i 
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CU monitors the Data bus in parallel with the CPU tQ 
obtain instructions that pertain to the 8087. 

The CU maintains an instruction queue that is identical 
to the queue in the host CPU. The CU automatically 
determines if the CPU is an 8086/186 or an 8088/188 
immediately after reset (by monitoring the BHE/S7 line) 
and matches its queue length accordingly. By monitor- 
ing the CPU's queue status lines (QSO, QS1), the CU 
obtains and decodes instructions from the queue in 
synchronization with the CPU. 

A numeric instruction appears as an ESCAPE instruction 
to the CPU. Both the CPU and 8087 decode and execute 
the ESCAPE instruction together. The 8087 only 
recognizes the numeric instructions shown in Table 5. 
The start of a numeric operation is acomplished when 
the CPU executes the ESCAPE instruction. The instruc- 
tion may or may not identify a memory operand. 

The CPU does, however, distinguish between ESC 
instructions that reference memory and those that 
do not. If the instruction refers to a memory operand, 
the CPU calculates the operand's address using any 
one of its available addressing modes, and then per- 
forms a "dummy read" of the word at that location. 
(Any location within the 1 M byte address space is 
allowed.) This is a normal read cycle except that the 
CPU ignores the data it receives. If the ESC instruc- 
tion does not contain a memory reference (e.g. an 
8087 stack operation), the CPU simply proceeds to 
the next instruction. 

An 8087 Instruction can have one of three memory 
reference options; (1) not reference memory; (2) 
load an operand word from memory into the 8087; or 
(3) store an operand word from the 8087 into 
memory. If no memory reference is required, the 
8087 simply executes its instruction. If a memory 
reference is required, the CU uses a "dummy read" 
cycle initiated by the CPU to capture and save the 
address that the CPU places on the bus. If the in- 
struction is a load, the CU additionally captures the 
data word when it becomes available on the local 
data bus. If data required is longer than one word, 
the CU' immediately obtains the bus from the CPU 
using the request/grant protocol and reads the rest 
of the information in consecutive bus cycles. In a 
store operation, the CU captures and saves the store 
address as in a load, and ignores the data word that 
follows in the "dummy read" cycle. When the 8087 is 
ready to perform the store, the CU obtains the bus 
from the CPU and writes the operand starting at the 
specified address. 



Numeric Execution Unit 

The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, 
transcendental, constant and data transfer instruc- 
tions. The data path in the NEU is 84 bits wide (68 
fraction bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 

When the NEU begins executing an instruction, it 
activates the 8087 BUSY signal. This signal can be 
used in conjunction with the CPU WAIT instruction 
to resynchronize both processors when the NEU has 
completed its current instruction. 



Register Set 

The iAPX 86/20 register set is shown in Figure 3. Each 
of the eight data registers in the 8087's register stack 
is 80 bits and is divided into "fields" corresponding 
to the 8087's temporary real data type. 

At a given point in time the TOP field in the control word 
identifies the current top-of-stack register. A "push" 
operation decrements TOP by 1 and loads a value into 
the new top register. A "pop" operation stores the value 
from the current top register and then increments TOP 
by 1 . Like CPU stacks in memory, the 8087 register 
stack grows "down" toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the top of the stack. These instruc- 
tions implicitly address the register pointed to by the 
TOP. Other instructions allow the programmer to 
explicitly specify the register which is to be used. 
Explicit register addressing is "top-relative." 



Status Word 

The status word shown in Figure 6 reflects the over- 
ail state of the 8087; it may be stored in memory and 
then inspected by CPU code. The status word is a 
1 6-bit register divided into fields as shown in Figure 
6. The busy bit (bit 15) indicates whether the NEU is 
either executing an instruction or has an interrupt 
request pending (B = 1), or is idle (B = 0). Several 
instructions which store and manipulate the status 
word are executed exclusively by the CU, and these 
do not set the busy bit themselves. 
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15 0 



B 


c 3 


TOP 


c 2 




C 0 


IR 


X 


PE 


UE 


OE 


ZE 


DE 


IE 



EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED) 

' INVALID OPERATION 

• DENORMALIZED OPERAND 

I ZERO DIVIDE 

I OVERFLOW 

I UNDERFLOW 

I PRECISION 

I - (RESERVED) 

I INTERRUPT REQUEST' 1 ' 

1 1 1 _ CONDITION CODE* 2 ' 

— »— I . TOP OF STACK POINTERS 

NEU BUSY 

< 1 )|R is set if any unmasked exception bit is set, cleared otherwise 
< 2 >See Table 3 for condition code interpretation 
< 3 >Top Values 

000 = Register 0 is Top of Stack 

001 = Register 1 is Top of Stack 

111 = Register 7 is Top of Stack 



Figure 6. 8087 Status Word 

The four numeric condition code bits (C0-C3) are similar 
to flags in a CPU: various instructions update these bits 
to reflect the outcome of 8087 operations. The effect of 
these instructions on the condition code bits is sum- 
marized in Table 4. 

Bits 14-1 2 of the status word point to the 8087 regis- 
ter that is the current top-of-stack (TOP) as 
described above. 

Bit 7 is the interrupt request bit. This bit is set if any 
unmasked exception bit is set and cleared other- 
wise. 

Bits 5-0 are set to indicate that the NEU has 
detected an exception while executing an instruc- 
tion. 



Tag Word 

The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the 8087's performance. The tag 



word can be used, however, to interpret the contents 
of 8087 registers. 



Instruction and Data Pointers 

The instruction and data pointers (see Figure 8) are 
provided for user-written error handlers. Whenever 
the 8087 executes an NEU instruction, the CU saves 
the instruction address, the operand address (if 
present) and the instruction opcode. 8087 instruc- 
tions can store this data into memory. 



15 














0 




TAG (7) 
I 


TAG (6) 


TAG (5) 

„ 1 „ 


TAG (4) 

l 


TAG (3) 

* 


TAG (2) 


TAG (1) 


TAG (0) 












TAG VALUES: 

00 = VALID 

01 = ZERO 

10 = SPECIAL 
,11 = EMPTY 









Figure 7. 8087 Tag Word 



3-516 



AFN-01820E 



int^l 8087 



Table 4a. Condition Code Interpretation 



Instruction 
Type 



C 3 



C2 



Ci 



Co 



Interpretation 



Compare, Test 



X 
X 
X 
X 



ST > Source or 0 (FTST) 
ST < Source or 0 (FTST) 
ST = Source or 0 (FTST) 
ST is not comparable 



Remainder 



Qi 



9o 



Q 2 



u 


1 


u 


u 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


1 


0 


0 


0 


1 


1 


0 


1 


0 


0 


0 


1 


0 


1 


0 


1 


1 


0 


0 


1 


1 


1 




0 


0 


0 




0 


0 


1 




0 


1 


0 




0 


1 


1 




1 


0 


0 




1 


0 


1 




1 


1 


0 




1 


1 


1 



Complete reduction with 
three low bits of quotient 
(See Table 4b) 
Incomplete Reduction 



Examine 



Valid, positive unnormalized 

Invalid, positive, exponent =0 

Valid, negative, unnormalized 

Invalid, negative, exponent =0 

Valid, positive, normalized 

Infinity, positive 

Valid, negative, normalized 

Infinity, negative 

Zero, positive 

Empty 

Zero, negative 
Empty 

Invalid, positive, exponent = 0 
Empty 

Invalid, negative, exponent = 0 
Empty 



NOTES: 

1. ST = Top of stack 

2. X = value is not affected by instruction 

3. U = value is undefined following instruction 

4. Q n = Quotient bit n 



Table 4b. Condition Code Interpretation after 
FPREM Instruction As a Function of 
Dividend Value 



Dividend Range 


©2 


Qi 


Qo 


Dividend < 2 * Modulus 


c 3 1 


C,i 


Qo 


Dividend < 4 * Modulus 


c 3 1 


Qi 


Qo 


Dividend s* 4 * Modulus 


Q 2 


Qi 


Qo 



NOTE: 

1 . Previous value of indicated bit, not affected by FPREM 
instruction execution. 



15 




C 


MEMORY 
OFFSET 




CONTROL WORD 


+0 




STATUS WORD , 


+2 




TAG WORD 


' +4 




INSTRUCTION POINTER (15-0) 


+6 




INSTRUCTION 
POINTER (19-16) 


0 


INSTRUCTION 
OPCODE (10-0) 


+8 




DATA POINTER (15-0) 


+10 




DATA POINTER 
(19-16) 


0 


+12 


15 12 11 


C 





Figure 8. 8087 Instruction and Data Pointer 
Image in Memory 
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Control Word 

The 8087 provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod- 
ing of the fields in the control word. 

The low order byte of this control word configures 
8087 interrupts and exception masking. Bits 5-0 of 
the control word contain individual masks for each 
of the six exceptions that the 8087 recognizes and 
bit 7 contains a general mask bit for all 8087 in- 
terrupts. The high order byte of the control word 
configures the 8087 operating mode including 
precision, rounding, and infinity controls. The preci- 
sion, control bits (bits 9-8) can be used to set the 
8087 internal operating precision at less than the 
default of temporary real precision. This can be use- 
ful in providing compatibility with earlier generation 
arithmetic processors of smaller precision than the 
8087. The rounding control bits (bits 11-10) provide 
for directed rounding and true chop as well as the 
unbiased round to nearest mode specified in the 
proposed IEEE standard. Control over closure of the 
number space at infinity is also provided (either 
af fine closure, ±oo f or projective closure,^, is treated 
as unsigned, may be specified). 



Exception Handling 

The 8087 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause an interrupt if unmasked 
and interrupts are enabled. 

If interrupts are disabled the 8087 will simply con- 
tinue execution regardless of whether the host 
clears the exception. If a specific exception class is 
masked and that exception occurs, however, the 
8087 will post the exception in the status register 
and perform an on-chip default exception handling 
procedure, thereby allowing processing to continue. 
The exceptions that the 8087 detects are the 
following: 

1. INVALID OPERATION: Stack overflow, stack un- 
derflow, indeterminate form (0/0, »- oo, etc.) or 
the use of a Non-Number (NAN) as an operand. 
An exponent value is reserved and any bit pattern 
with this value in the exponent field is termed a 
Non-Number and causes this exception. If this 
exception is masked, the 8087's default response 
is to generate a specific NAN called INDEFINITE, 
or to propagate already existing NANs as the cal- 
culation result. 



XXX 


1 c 


R C 


P C 


M 


X 


PM 


UM 


OM 


ZM 


DM 


IM 



EXCEPTION MASKS (1 = EXCEPTION IS MASKED) 

INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 
- (RESERVED) 

- INTERRUPT MASK (1 = INTERRUPTS ARE MASKED) 

- PRECISION CONTROL 0 ' 



- ROUNDING CONTROL' 2 ' 

- INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE) 
- (RESERVED) 



,1) Precision Control (2, Rounding Control 

00 = 24 bits ^00 = Round to Nearest or Even 

01 = Reserved „ 01 = Round Down (toward - ») 

10 = 53 bits 10 = Round Up (toward + «) 

1 1 = 64 bits 1 1 = Chop (truncate toward zero) 



Figure 9. 8087 Control Word 
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2. OVERFLOW: The result is too large in magnitude 
to fit the specified format. The 8087 will generate 
an encoding for infinity if this exception is 
masked. 

3. ZERO DIVISOR: The divisor is zero while the divi- 
dend is a non-infinite, non-zero number. Again, 
the 8087 will generate an encoding for infinity if 
this exception is masked. 

4. UNDERFLOW: The result is non-zero but too 
small in magnitude to fit in the specified format. If 
this exception is masked the 8087 will 
denormalize (shift right) the fraction until the ex- 



ponent is in range. This process is called gradual 
underflow. 

5. DENORMALIZED OPERAND: At least one of the 
operands or the result is denormalized; it has the 
smallest exponent but a non-zero significand. 
Normal processing continues if this exception is 
masked off. 

6. INEXACT RESULT: If the true result is not exactly 
representable in the specified format, the result 
is rounded according to the rounding mode, and 
this flag is set. If this exception is masked, pro- 
cessing will simply continue. 
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*NOTICE: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections 6f this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v cc =+5V ±5%) 



Svmbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 




Input Low Voltage 


-0.5 


+0.8 


V 




V| H 


Input High Voltage 


2.0 


V C c +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.0 mA 


V 0 H 


Output High Voltage 


2.4 




V 


Iqh = -400 fiA 


•cc 


Power Supply Current 




475 


mA 


T A = 25°C 


«Li 


Input Leakage Current 




±10 


/jlA 


0V *s V, N *s V CC 


»LO 


Output Leakage Current 




±10 


fiA 


0.45V *s V 0U T * V CC 


V C L 


Clock Input Low Voltage 


-0.5 


+0.6 


V 




V C H 


Clock Input High Voltage 


3.9 


V C c + 1-0 


V 




C|N 


Capacitance of Inputs 




10 


PF 


fc = 1 MHz 


C| 0 


Capacitance of I/O Buffer 
(ADO-15, A 16 -A 19> BHE, S2-S0, 
RQ/GT) and CLK 




15 


PF 


fc = 1 MHz 


C OUT 


Capacitance of Outputs 
BUSY, INT 


f 


10 


PF 


fc = 1 MHz 



A.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = +5V ±5%) 



TIMING REQUIREMENTS 


8087 


8087-2 




Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


TCLCL 


CLK Cycle Period 


200 


500 


125 


500 


ns 




TCLCH 


CLK Low Time 


118 




68 




ns 




TCHCL 


CLK High Time 


69 




44 




ns 




TCH1CH2 


CLK Rise Time 




10 




10 


ns 


From 1.0V to 3.5V 


TCL2CL2 


CLK Fall Time 




10 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data In Setup Time 


30 




20 




ns 




TCLDX 


Data In Hold Time 


10 




10 




ns 




TRYHCH 


READY Setup Time 


118 




68 




ns 




TCHRYX 


READY Hold Time 


30 




20 




ns 




TRYLCL 


READY Inactive to CLK** 


-8 




-8 




ns 




TGVCH 


RQ/GT Setup Time 


30 




15 




ns 




TCHGX 


RQ/GT Hold Time 


40 




30 




ns 




TQVCL 


QS0-1 Setup Time 


30 




30 




ns 




TCLQX 


QS0-1 Hold Time 


10 , 




10 




ns 




TSACH 


Status Active Setup Time 


30 




30 




ns 




TSNCL 


Status Inactive Setup Time 


30 




30 




ns 




TILIH 


Input Rise Time (Except CLK) 




20 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 




12 


ns 


From 2.0V to 0.8V 



** See Note 3 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65 6 C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0V to +7V 

Power Dissipation 3.0 Watt 



8087 



A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 


8087 


8087-2 




Symbol 


Parameter 


Min. 


Max. 


Mln. 


Max. 


Units 


Test Conditions 


TCLML 


Command Active Delay (See Note 1) 


10 


35 


10 


35 


ns 


C L =20-100pF for all 


TCLMH 


Command Inactive Delay (See Note 1) 


10 


35 


i 10 


35 


ns 


808/ Outputs (in addi- 
to 8087 self-load) 


TRYHSH 


Ready Active to Status Passive 
. (See Note 2) 




110 




65 


ns 


TCHSV 


Status Active Delay 


10 


110 


10 


60 


ns 




TCLSH 


Status Inactive Delay 


10 


130 


10 


70 


ns 




TCLAV 


Address Valid Delay 


10 


110 


10 


60 


ns 




TCLAX 


Address Hold Time 


10 




10 




ns 




TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


ns 




TSVLH 


Status Valid to ALE High (See Note 1) 




15 




15 


ns 




TCLLH 


CLK Low to ALE Valid (See Note 1) 




15 




15 


ns 




TCHLL 


ALE Inactive Delay (See Note 1) 




15 




15 


ns 




TCLDV 


Data Valid Delay 


10 


110 


10 


60 


ns 




TCHDX 


Data Hold Time 


10 




10 




ns 




TCVNV 


Control Active Delay (See Note 1) 


5 


45 


5 


45 


ns 




TCVNX 


Control Inactive Delay (See Note 1) 


10 


45 


10 


45 


ns 




TCHBV 


BUSY and INT Valid Delay 


10 


150 


10 


85 


ns 




TCHDTL 


Direction Contr6l Active Delay 
(See Note 1) 




50 




50 


ns 




TCHDTH 


Direction Control Inactive Delay 
(See Note 1) 




30 




30 


ns 




TCLGL 


RQ/GT Active Delay 


0 


85 


0 


50 


ns 


C[_ = 40pF (in addi- 
tion to 8087self-load) 


TCLGH 


RQ/GT Inactive Delay 


0 


85 


0 


50 


ns 


TOLOH 


Output Rise Time 




20 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1 . Signal at 8284A or 8288 shown for reference only. 

2. Applies only to T 3 and wait states. 

3. Applies only to T 2 state (8 ns into T 3 ). 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



1 .5 ■+ TEST POINTS 1 .5 A 



A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 " AND 0 45V FOR 
A LOGIC "0 " 



DEVICE 
UNDER 
TEST 



1 



C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



MASTER MODE 



READY (8087 INPUT) 
(SEE NOTE 2) 



READ CYCLE 



AD 15 -AD 0 



8288 OUTPUTS , 
(SEE NOTES 6, 7, 9) * 



WRITE CYCLE 



AD 15 -AD 0 



8288 OUTPUTS . 
(SEE NOTES 6, 7) * 



NOTES: 



BHE/S 7 ,A 19 /S 8 -A 16 /S3 



ALE (8288 OUTPUT) 
(SEE NOTES 4, 6, 9) f 




1 ALL SIGNALS SWITCH BETWEEN V 0L AND V 0H UNLESS OTHERWISE SPECIFIED 

2 READY IS SAMPLED NEAR THE END OF T 2 , T 3 AND T w TO DETERMINE IF T w MACHINE STATES ARE TO BE INSERTED 

3 THE LOCAL BUS FLOATS ONLY IF THE 8087 IS RETURNING CONTROL TO THE 8086/8088 

4 ALE RISES AT LATER OF (TSVLH, TCLLH) 

5 STATUS INACTIVE IN STATE JUST PRIOR TO T 4 

6 SIGNALS AT 8284A OR 8288 ARE SHOWN FOR REFERENCE ONLY 

7 THE ISSUANCE OF 8288 COMMAND AND CONTROL SIGNALS (MRDC, MWTC, AMWC AND DEN) LAGS THE ACTIVE HIGH 8288 CEN 

8 ALL TIMING MEASUREMENTS ARE MADE AT 1 5V UNLESS OTHERWISE NOTED 

9 REFER TO THE 821 88 ADVANCE BUS CONTROLLER FOR 1 86, 1 88 SYSTEMS 
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WAVEFORMS (Continued) 



PASSIVE MODE 



QS 1( QS 0 



BHE/S 7 ,A 19 /S 6 -A 16 /S 3 
AD 15 -AD 0 



READY 
(8087 
INPUT) 



1 



X 



TCLDX TDVCL 



A 1S -A 0 



DC 



!XZZX 



^ TCLDX 

FLOAT 



TTy fL0AT C 



TCHRYX 
TCHRYX 



RESET TIMING 



v C c 



>4 CLK CYCLES 



220 CLK CYCLES - 



>8 CLK CYCLES 



8087 TRACKS 
CPU ACTIVITY 



8087 READY TO 
EXECUTE INSTRUCTIONS 



REQUEST/GRANTn TIMING 



RQ/GTO 

AD 15 -AD 0 
A 19 /S 6 -A 16 /S 3 
Sz.S^S,, 
BHI/S7 




-\ 8087 / 
J -RELEASE/ 



j^-TCLAZ 

>— <E 



NOTE THE CPU PROVIDES ACTIVE PULLUP OF RQ/GTO, SEE TCLGH SPEC 
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WAVEFORMS (Continued) 



REQUEST/GRAN^ TIMING 



RQ/GT1 

AD 15 -AD 0 
A 19 /S 6 -A 16 /S, 

BHE/S7 



ANY CLK 
CYCLE" 




^ RELEASEy 



ALTERNATE MASTER 



NOTE ALTERNATE MASTER MAY NOT DRIVE THE BUSES OUTSIDE OF THE REGION 
SHOWN WITHOUT RISKING BUS CONTENTION 



BUSY AND INTERRUPT TIMING 
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Table 5. 8087 Extensions to the 86/186 Instructions Sets 







Optional 


Clock Count Range 








8,16 Bit 


32 Bit 


32 Bit 


64 Bit 


16 Bit 


Data Transfer 




Displacement 


Real 


Integer 


Real 


Integer 


FLD = LOAD 


MF 


00 


01 


10 


11 



Integer/Real Memory to ST(0) 

Long Integer Memory to ST(0) 

Temporary Real Memory to 
ST(0) 

BCD Memory to ST(0) 
ST(i) to ST(0) 

FST = STORE 

ST(0) to Integer/Real Memory 
ST(0) to ST(i) 

FSTP = STORE AND POP 
ST(0) to Integer/Real Memory 

ST(0) to Long Integer Memory 

ST(0) to Temporary Real 
Memory 

ST(0) to BCD Memory 
ST(0) to ST(i) 

FXCH = Exchange ST(i) and 
ST(0) 

Comparison 

FCOM = Compare 
Integer/Real Memory to ST(0) 

ST(i) to ST (0) 

FCOMP = Compare and Pop 

Integer/Real Memory to ST(0) 
ST(i) to ST{0) 

FCOMPP - Compare ST(1) to 
ST(0) and Pop Twice 

FTST = Test ST(0) 

FX AM = Examine ST(0) 

Mnemonics © Intel 1982 



[ ESCAPE MF 1 | MOD 0 0 0 R/M | " " DISp" 

DISP 



ESCAPE X 1 1 



MOD 1 0 1 R/M 



ESCAPE 0 1 1 



MOD 1 0 1 R/M 



ESCAPE 1 1 1 



MOD 1 0 0 R/M 



ESCAPE 0 0 1 1 1 0 0 0 ST(i) 



ESCAPE MF 1 



MOD 0 1 0 R/M 



ESCAPE 10 1 110 10 ST(i) 



Q\sp 

DISP 



ESCAPE MF 1 


MOD 0 1 1 R/M 


DISP ! 




ESCAPE 1 1 1 


MOD 1 1 1 R/M 


DISP | 




ESCAPE 0 1 1 


MOD 1 1 1 R/M 


DISP | 




ESCAPE 1 1 1 


MOD 1 1 0 R/M 


DISP ] 






ESCAPE 1 0 1 


110 11 ST(i) 








ESCAPE 0 0 1 


110 0 1 ST(i) 








ESCAPE MF 0 


MOD 0 1 0 R/M 


DISP \ 






ESCAPE 0 0 0 


11 0 10 ST(i) 








ESCAPE MF 0 | MOD 0 1 1 R/M | DISP \ 


ESCAPE 0 0 0 | 1 1 0 11 ST(i) 






[ESCAPE 1 1 0 


11 0 110 0 1 








ESCAPE 0 0 1 


11 10 0 10 0 








ESCAPE 00l|l1 100101 





38-56 52-60 40-60 46-54 
+ EA +EA +EA +EA 

60-68 + EA 
53-65 +EA 
290-310 + EA 

17-22 



84-90 82-92 96-104 80-90 
+ EA +EA +EA +EA 



[6-92 84-94 98-106 82-92 
h EA +EA +EA +EA 

94-105 + EA 

52-58 +EA 
520-540 +EA 

17-24 

10-15 



60-70 78-91 65-75 72-86 
+ EA + EA +EA +EA 



40-50 



63-73 • 80-93 67-77 
+ EA + EA + EA 
45-52 



45-55 
38-48 
12-23 



74-88 
+ EA 
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Table 5. 8087 Extensions to the 86/186 Instruction Sets (cont.) 







Optional 


Clock Count Range 




Constants 




8,16 Bit 


32 Bit 


32 Bit 


64 Bit 


16 Bit 




Displacement 


Real 


Integer 


Real 


Integer 




MF 


00 


01 


10 


11 



FLDZ = LOAD + 0 0 into ST(0), ESCAPE 0 0 1 



FLD1 = LOAD + 1 0 into ST(0) | ESCAPE 0 0 1 
FLDPI = LOAD 77 into ST(0) I ESCAPE 0 0 1 



FLDL2T = LOAD log 2 10 into 
ST(0) 

FLDL2E = LOAD log 2 e into 
ST(0) 

FLDLG2 = LOAD log 10 2 into 
ST(0) 



ESCAPE 0 0 1 



ESCAPE 0 0 1 



ESCAPE 0 0 1 



ESCAPE 0 0 1 



10 1110 



10 10 0 0 



10 10 11 



10 10 0 1 



10 10 10 



10 110 0 



10 110 1 



ESCAPE MF . 0 



MOD 0 0 0 R/M 



FLDLN2 = LOAD log e 2 into 
ST(0> 

Arithmetic 

FADD = Addition 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 
FSUB = Subtraction 

Integer/Reai Memory with ST(0) | ESCAPE MF 0 | MOD 1 0 R R/M 
ST(i) and ST(0) 



ESCAPE d P 0 



1 ,1 0 0 0 ST(i) 



ESCAPE d P 0 



1 1 1 0 R R/M 



FMUL = Multiplication 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 
FDIV = Division 

Integer/Real Memory with ST(0) 
ST(i) and ST(0) 



ESCAPE MF 0 



MOD 0 0 1 R/M 



ESCAPE d P 0 1 1 0 0 1 R/M 



ESCAPE MF 0 



MOD 1 1 R R/M 



ESCAPE d P 0 1 1 1 1 R R/M 



FSQRT = Square Root of ST(0) ESCAPE 0 0 1 111110 10 
FSCALE = Scale ST(0) by ST(1) 



ESCAPE 0 0 1 



11 11110 1 



FPREM = Partial Remainder of lESCAPE 0 0 1 
ST(0) -ST(1) 



11 1110 0 0 



FRNDINT = Round ST(0) to 
Integer 



ESCAPE 0 0 1 



11 11110 0 



11-17 

15- 21 

16- 22 

16- 22 
15-21 

18-24 

17- 23 



DISP | 90-120 108-143 95-125 
" +EA +EA +EA 

70-100 (Notel) 

DISP" ~ 90-120 108-143 95-125 
' +EA +EA +EA 

70-100 (Note 1) 

DISP ' 110-125 130-144 112-168 
+EA +EA +EA 

90-145 (Note 1) 

DISP ! 215-225 230-243 220-230 
+EA +EA +EA 

193-203 (Note 1)' 

180-186 
32-38 

15-190 



16-50 



102-137 
+ EA 



102-137 
+ EA 



124-138 
+ EA 



224-238 
+ EA 



NOTE: 

1. if P=1 then add 5 clocks. 
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Table 5. 8087 Extensions to the 86/186 Instructions Sets (cont.) 



Optional 
8,16 Bit 
Displacement 



FXTRACT = Extract 
Components of St(0) 

FABS = Absolute Value of 
ST(0) 

FCHS = Change Sign of ST(0) 



Transcendental 

FPTAN = Partial Tangent of 
ST(0) 

FPATAN = Partial Arctangent 
of ST(0) -ST(1) 
,ST(0) 



F2XM1 - 2° 



-1 



FYL2X - ST(1)» Log 2 
IST(0)l 

FYL2XP1 = ST(1)« Log 2 
IST(O) +1] 

Processor Control 

FIN IT = Initialized 8087 
FENI = Enable Interrupts 
FDISI = Disable Interrupts 
FLDCW = Load Control Word 
FSTCW = Store Control Word 
FSTSW = Store Status Word 
FCLEX = Clear Exceptions 
FSTENV = Store Environment 
FLDENV = Load Environment 
FSAVE = Save State 
FRSTOR = Restore State 



FINCSTP = Increment Stack 
Pointer 



FDECSTP = Decrement Stack 
Pointer 



ESCAPE 0 0 1 


11 110 10 0 








ESCAPE 0 0 1 


1 1 1 0 0 0 0 1 








ESCAPE 0 0 1 


1 1 1 0 0 0 0 0 








ESCAPE 0 0 1 


11 110 0 10 








ESCAPE 0 0 1 


11 110 0 11 








ESCAPE 0 0 1 


1 1 1 1 0 0 0 0 








ESCAPE 0 0 1 


1 1 1 1 0 0 0 1 








ESCAPE 0 0 1 


11 1110 0 1 








ESCAPE 0 1 1 [ 1 1 100011 




ESCAPE 0 1 1 


1 1 1 0 0 0 0 0 








ESCAPE 0 1 1 


1 1 1 0 0 0 0 1 








ESCAPE 0 0 1 


MOD 1 0 1 R/M 


DISP j 




ESCAPE 0 0 1 


MOD 1 1 1 R/M 


DISP j 




ESCAPE 1 0 1 


MOD 1 1 1 R/M 


DISP \ 



ESCAPE 0 1 1 



1 1 1 0 0 0 1 0 



ESCAPE 0 0 1 



MOD 1 1 0 R/M 



ESCAPE 0 0 1 



MOD 1 0 0 R/M 



ESCAPE 10 1 MOD 1 1 0 R/M 



ESCAPE 


0 


0 1 


11 110 111 




ESCAPE 


0 


0 1 


11 110 1 


1 0 



DISP 
DISP 
DISP 

ESCAPE 10 11 MOD 1 0 0 R/M I DISP 



Clock Count Range 

27-55 

10-17 
10-17 

30-540 

250-800 
310-630 
900-1100 
700-1000 

2-8 
2-8 
2-8 

7-14 + EA 
• 12-18 +EA 
12-18 +EA 

2-8 
40-50 + EA 
35-45 + EA 
197-207+ EA 
197-207+ EA 

6-12 
6-12 
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Table 5. 8087 Extensions to the 86/186 Instructions Sets (cont.) 



Clock Count Range 



FFREE = Free ST(i) ESCAPE 1 0 1 1 1 0 0 0 ST(i) 9-16 



ESCAPE 1 0 1 | 1 


1 0 


0 0 ST(i) | 




[ ESCAPE 0 0 1 I 1 


1 0 


1 0 0 0 0 | 




10 0 1 10 


1 1 





FNOP = No Operation ESCAPE 00111 010000 10-16 



FWAIT = CPU Wait for 8087 1 0 0 1 1 0 1 1 3 + 5n* 



*n = number of times CPU examines TEST line before 8087 lowers BUSY. 
NOTES: 

1. if mod=00 then DISP=0\ disp-low and disp-high are absent 

f mod =01 then DISP=disp-low sign-extended to 16-bits, disp-high is absent 
if mod=10 then DISP=disp-high; disp-low 
f mod =11 then r/m is treated as an ST(i) field 
f r/m =000 then EA=(BX) + (SI) +DISP 
f r/m=001 then EA=(BX) + (Dl) + DISP 
f r/m=010 then EA=(BP) + (SI) +DISP 
f r/m=011 then EA=(BP) + (Dl) +DISP 
f r/m = 100 then EA=(SI) + DISP 
f r/m=101 then EA=(DI) + DISP 
f r/m=110 then EA=(BP) + DISP 
f r/m=111 then EA=(BX) + DISP 

* except if mod =000 and r/m = 1 10 then EA =disp-high; disp-low. 

3. MF= Memory Format 

00— 32-bit Real 

01 — 32-bit Integer 

10— 64-bit Real 

11— 16-bit Integer 

4. ST(0)= Current stack top 

ST(i) i th register below stack top 

5. d= Destination 

0— Destination is ST(0) 

1 — Destination is ST(i) 

6. P= Pop 

0 — No pop 

1— PopST(O) 

7. R= Reverse: When d=1 reverse the sense of R 

0 — Destination (op) Source 

1 — Source (op) Destination 

8. For FSQRT: -0 ^ ST(0) ^ +* 

For FSCALE: -2 15 ^ ST(1) < +2 15 and ST(1) integer' 

ForF2XM1: 0 ST(0) *s 2~ 1 

For FYL2X: 0 < ST(0) <* 

< ST(1) < + x 
For FYL2XP1 : 0 ^ IST(0)l < (2 - V2)/2 

-x<ST(1)<x 
For FPTAN : 0 ^ ST(0) ^tt/4 

For FPATAN: 0 *s ST(0) < ST(1) < +x 
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High-Performance 2-Chip Data 
Processors Containing Operating 
System Primitives 

Standard iAPX 86/10, 88/10 Instruction 
Set Plus Task Management, Interrupt 
Management, Message Passing, 
Synchronization and Memory 
Allocation Primitives 
Fully Extendable To and Compatible With 
iRMX® 86 

Supports Five Operating System Data 



Types: Jobs, Tasks, Segments, 
Mailboxes, Regions 
35 Operating System Primitives 
Built-in Operating System Timers and 
Interrupt Control Logic Expandable 
Rom 8 to 57 Interrupts 

8086/801 50/801 50-2/8088/801 86/801 88 
Compatible At Up To 8 MHz Without 
Wait States 

MULTIBUS® System Compatible Interface 



The Intel iAPX 86/30 and iAPX 88/30 are two-chip microprocessors offering general-purpose CPU (8086) 
instructions combined with real-time operating system support. They provide a foundation for multiprogram- 
ming and multitasking applications. The iAPX 86/30 consists of an iAPX 86/10 (16-bit 8086 CPU) and an 
Operating System Firmware (OSF) component (80130). The 88/30 consists of the OSF and an iAPX 88/10 (8-bit 
8088 CPU). (80186 or 80188 CPUs may be used in place of the 8086 or 8088.) 

Both components of the 86/30 and 88/30 are implemented in N-channel, depletion-load, silicon-gate technol- 
ogy (HMOS), and are housed in 40-pin packages. The 86/30 and 88/30 provide all the functions of the iAPX 86/1 0, 
88/10 processors plus 35 operating system primitives, hardware support for eight interrupts, a system timer, a 
delay timer and a baud rate generator. 



r" 



8284A 
CLOCK 
DRIVER 
RDY 



CLOCK 


8088 
OR 
8086 


INTERRUPT 


STATUS 



INTERRUPT 


STATUS 








CS.LIR 


CLOCK 


80130 




ACKNOWLEDGE 








BAUD RATE 
TIMER 



DELAY 
TIMER 



SYSTEM 
TIMER 



■APX 86/30, 88/30 



Figure 1. IAPX 86/30, 88/30 Block Diagram 
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8086 ( 8088 ) 


Vss LZ 






40 


Zl Vcc 




Vss IZ 






40 


Zl Vcc 


A014 |~ 


2 




39 


Zl AD15 


(A14) 


AD14 LZ 


2 




39 


Z] AD15 (A15) 


AD13 Q 


3 




38 


Z] She 


(A13) 


adisQ 


3 ' 




38 


Zl A16/S3 


AD12 Q 


4 




37 


Z] IR7 


(A12) 


AD12 LZ 


4 




37 


Z] A17/S4 


AD11 £2 


5 




36 


Zl ,R6 


(A11) 


adii [z 


5 




36 


Zl A18/S5 


AD10 Q 


6 




35 


Z] IR5 


(A10) 


adioQ 


6 




35 


Zl A19/S6 


AD9Q 






34 


Zl IR4 


(A9) 


AD9 LZ 






34 


Zl BHE/S7 (HIGH) 


AD8 [~ 


8 




33 


Z] IR3 


(A8) 


AD8 LZ 


8 




33 


Z] MN/MX 


AD7 Q 


9 


/ 


32 


Zl IR2 




AD7Q 


9 


8086 


32 


Zl *° 


AD6 Q 


10 


80130 
OSF 


31 


zi iri 




AD6 [Z 


10 


(8088) 

CPU 


31 


Z) RQ/GTO 


AD5 Q 


11 




30 


i] |r ° 




AD5 [Z 


11 




30 


Zl RQ/GT1 


AD4 Q 


12 




29 


Z] INT 




AD4 [Z 


12 




29 


~^2 LOCK 


AD3 ["" 


13 




28 


□ S2 




ad3 r~ 


13 




28 


"1 S2 


AD2 Q 


14 




27 


□ ST 




AD2 [Z 


14 




27 


□ si 


AD1 r~ 


15 




26 


Z] SO 




AD1 Q 


15 




26 


Zl 55 


AD0 LZ 


16 




25 


Zl 




ADO [Z 


16 




25 


I] QSO 


MEMCS [Z 


17 
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17 
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Figure Z. iAPX 86/30, 88/30 Pin Configuration 
Table 1. 80130 Pin Description 



Symbol 



Type 



Name and Function 



AD 15 -AD 0 



I/O 



Address Data: These pins constitute the time multiplexed memory address Hi) and 
data O2, T3,Tw,T4) bus. These lines are active HIGH. The address presented during T-j of 
a bus cycle will be latched internally and interpreted as an 80130 internal address if 
MEMCS or IOCS is active for the invoked primitives. The 80130 pins float whenever it is 
not chip selected, and drive these pins only duringT 2 -T4 of a read cycle andT-j of an INTA 
cycle. 



BHE/S 7 



Bus High Enable: The 80130 uses the BHE signal from the processor to determine 
whet her to respond with data on the upper or lower data pins, or both. The signal is active 
LOW. BHE is latched by the 801 30 on the trailing edge of ALE. It controls the 801 30 output 
data as shown. 



BHE 
0 
0 
1 
1 



A 0 
0 
1 
0 

1 



Word on AD 15 -AD 0 
Upper byte on AD15-AD8 
Lower byte on AD 7 ~AD 0 
Upper byte on AD7-ADQ 



$2> ^1 , Sq 



Status: For the 80130, the status pins are used as inputs only. 80130 encoding follows: 



s 2 


Si 


So 




0 


0 


0 


INTA 


0 


0 


1 


IORD 


0 


1 


0 


IOWR 


0 


1 


1 


Passive 


1 


0 


0 


Instruction fetch 


1 


0 


1 


MEMRD 


1 


1 


X 


Passive 
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Table 1. 80130 Pin Description (Continued) 



Symbol 



Type 



Name and Function 



CLK I Clock: The system clock provides the basic timing for the processor and bus controller. 

It is asymmetric with a 33% duty cycle to provide optimized internal timing. The 80130 
uses the system clock as an input to the SYSTICK and BAUD timers and to synchronize 
operation with the host CPU. 

INT O Interrupt: INT is HIGH whenever a valid interrupt request is asserted. It is normally used 
to interrupt the CPU by connecting it to INTR. 

IR 7 -IR 0 I InterrupMtequests: An interrupt request can be generated by raising an IR input (LOW 
to HIGH) and holding it HIGH until it is acknowledged (Edge-Triggered Mode), or just by a 
HIGH level on an IR input (Level-Triggered Mode). 

ACK O Acknowledge: This line is LOW whenever an 801 30 resource is being accessed. It is also 
LOW during the first INTA cycle and second INTA cycle if the 80130 is supplying the 
interrupt vector information. This signal can be used as a bus ready acknowledgement 
and/or bus transceiver control. 

MEMCS I Memory Chip Select: This input must be driven LOW when a kernel primitive is being 

fetched by the CPU. AD13-AD0 are used to select the instruction. . 



IOCS 



Input/Output Chip Select: When this input is low, during an IORD or IOWR cycle, the 
80130's kernel primitives are accessing the appropriate peripheral function as specified 
by the following table: 



BHE 


A3 


A 2 


A1 


A 0 




0 


X 


X 


X 


X 


Passive 


X 


X 


X 


X 


1 


Passive 


X 


0 


1 


X 


X 


Passive 


1 


0 


0 


X 


0 


Interrupt Controller 


1 


1 


0 


0 


0 


Systick Timer 


1 


1 


0 


1 


0 


Delay Counter 


1 


1 


1 


0 


0 


Baud Rate Timer 


1 


1 


1 


1 


0 


Timer Control 



LIR O Local Bus Interrupt Request: This signal is LOW when the interrupt request is for a 

non-slave input or slave input programmed as being a local slave. 



v C c 



Power: \Zqc is tne +5V supply pin. 



V S S 



Ground: Vss is the ground pin. 



SYSTICK 



DELAY 



System Clock Tick: Timer 0 Output. Operating System Clock Reference. SYSTICK is 
normally wired to IR2 to implement operating system timing interrupt. 

DELAY Timer: Output of timer 1. Reserved by Intel Corporation for future use. 



BAUD 



Baud Rate Generator: 8254 Mode 3 compatible output. Output of 80130 Timer 2. 



FUNCTIONAL DESCRIPTION 

The increased performance and memory space of 
iAPX 86/10 and 88/10 microprocessors have proven 
sufficient to handle most of today's single-task or 
single-device control applications with performance 
to spare, and have led to the increased use of these 
microprocessors to control multiple tasks or devices 
in real-time. This trend hag created a new challenge 
to designers— development of real-time, multitask- 
ing application systems and software. Examples of 
such systems include control systems that monitor 
and react to external events in real-time, multifunc- 
tion desktop and personal computers, PABX equip- 



ment which constantly controls the telephone traffic 
in a multiphone office, file servers/disk subsystems 
controlling and coordinating multiple disks and mul- 
^ tiple disk users, and transaction processing systems 
such as electronics funds transfer. 



The iAPX 86/30, 88/30 Operating System 
Processors 



The Intel iAPX 86/30, 88/30 Operating System Pro- 
cessors (OSPs) were developed to help solve this 
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Figure 3. OSF internal Block Diagram 



problem. Their goal is to simplify the design of multi- 
tasking application systems by providing a well- 
defined, fully debugged set of operating system 
primitives implemented directly Jn the hardware, 
thereby removing the burden of designing multitask- 
ing operating system primitives from the application 
programmer. 

Both the 86/30 and the 88/30 OSPs are two-chip sets 
consisting of a main processor, an 8086 or 8088 CPU, 
and the Intel 80130, Operating System Firmware 
component (OSF) (see Figure 1). Jhe 80130 provides 
a set of multitasking kernel primitives, kernel control 
storage, and the additional support hardware, in- 
cluding system timers and interrupt control, re- 
quired by these primitives. From the application 
programmer's viewpoint, the OSF extends the base 
iAPX 86, 88 architecture by providing 35 operating 
system primitive instructions, arid supporting five 
new system data types, making the OSF a logical and 



easy-to-use architectural extension to iAPX 86, 88 
system designs. 



The OSP Approach 

The OSP system data types (SDTs) and primitive in- 
structions allocate, manage and share low-level pro- 
cessor resources in an efficient manner. For 
example, the OSP implements task context manage- 
ment (managing a task state image consisting of 
both hardware register set and software control in- 
formation) for either the basic 86/10 context or the 
extended 86/20 (8086+8087) numerics context. The 
OSP manages the entire task state image both while 
the task is actively executing and while it is inactive. 
Tasks can be created, put to sleep for specified peri- 
ods, suspended, executed to perform their func- 
tions, and dynamically deleted when their functions 
are complete. 
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The Operating System Processors support event- 
oriented systems designs. Each event may be pro- 
cessed by an individual responding task or along 
with other closely related events in a common task. 
External events and interrupts are processed by the 
OSP interrupt handler primitives using its built-in 
interrupt controller subsystem as they occur in real- 
time. The multiple tasks and the multiple events are 
coordinated by the OSP integral scheduler whose 
preemptive, priority-based scheduling algorithm 
and system timers organize and monitor the process- 
ing of every task to guarantee that events are pro- 
cessed as they occur in order of relative importance. 
The 86/30 also provides primitives for intertask com- 
munication (by mailboxes) and for mutual exclusion 
(by regions), essential functions for. multitasking 
applications. 

Programming Language Support 

Programs for the OSP can be written in ASM 86/88 or 
PL/M 86/88, Intel's standard system languages for 
iAPX 86,88 systems. 

The Operating System Processor Support Package 
(iOSP 86) provides an interface library for applica- 
tion programs written in any model of PL/M-86. This 
library also provides 80130 configuration and in- 
itialization support as well as complete user 
documentation. 

OSF PROGRAMMING INTERFACE 

The OSF provides 35 operating system kernel 
primitives which implement multitasking, interrupt 
management, free memory management, intertask 
communication and synchronization. Table 4 shows 
each primitive, and Table 5 gives the execution per- 
formance of typical primitives. 

OSP primitives are executed by a combination of 
CPU and OSF (80130) activity. When an OSP primi- 
tive is called by an application program task, the 
iAPX CPU registers and stacks are used to perform 
the appropriate functions and relay the results to the 
application programs. 

OSP Primitive Calling Sequences 

A standard, stack-based, calling sequence is used to 
invoke the OSF primitives. Before a primitive is 
called, its operand parameters must be pushed on 
the task stack. The SI register is loaded with the 
offset of the last parameter on the stack. The entry 
code for the primitive is loaded into AX. The primitive 
invocation call is made with a CPU software interrupt 



(Table 4). A representative ASM86 sequence for call- 
ing a primitive is shown in Figure 4. In PL/M the OSP 
programmer uses a call to invoke the primitive. 



Figure 4. ASM/86 OSP Calling Convention 

OSP Functional Description 

Each major function of the OSP is described below. 
These are: 

Job and Task Management 
Interrupt Management 
Free Memory Management 
Intertask Communication 
Intertask Synchronization 
Environmental Control 

The system data types (or SDTs) supported by the 
OSP are capitalized in the description. A short 
description of each SDT appears in Table 2. 

JOB and TASK Management 

* 

Each OSP JOB is a controlled environment in which 
the applications program executes and the OSF sys- 
tem data types reside. Each individual application 
program is normally a separate OSP JOB, whether it 
has one initial task (the minimum) or multiple tasks. 
JOBs partition the system memory into pools. Each 
memory pool provides the storage areas in which the 
OSP will allocate TASK state images and other sys- 
tem data types created by the executing TASKs, and 
free memory for TASK working space. The OSP sup- 
ports multiple executing TASKs within a JOB by 
managing the resources used by each, including the 
CPU registers, NPX registers, stacks, the system data 
types, and the available free memory space pool. 



SAMPLE ASSEMBLY LANGUAGE PRIMITIVE CALL 

PUSH Pi ;PUSH PARAMETER 1 

PUSH P 2 ;PUSH PARAMETER 2 



;PUSH PARAMETER N 

;STACK CALLING CONVENTION 



PUSH P N 

PUSH BP 

MOV BP.SP 

LEA SI,SS:NUM_BYTES_PARAM + 2{BP] 

;SS:SI POINTS TO FIRST 
PARAMETER ON STACK 

MOV AX, ENTRY CODE ;AX SETS PRIMITIVE ENTRY CODE 

INT 1 84 ;OSF INTERRUPT 

OSP PRIMITIVE INVOKED 

POP BP 

RET NUM BYTES_PARAM ;POP PARAMETERS 

;CX CONTAINS EXCEPTION CODES 

;DL CONTAINS PARAMETER NUMBER 

; THAT CAUSED EXCEPTION (IF 

; CX IS NON ZERO) 

;AX CONTAINS WORD RETURN VALUE 

;ES:BX CONTAINS POINTER 

; RETURN VALUE 
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When a TASK is created, the OSP allocates memory 
(from the free memory of its JOB environment) for 
the TASK'S stack and data area and initializes the 
additional TASK attributes such as the TASK priority 
level and its error handler location. (As an option, the 
caller of CREATE TASK may assign. previously 
defined stack and data areas to the TASK.) Task 
priorities are integers between 0 and 255 (the lower 
the priority number the higher the scheduling 
priority of the TASK). Generally, priorities up to 128 
will be assigned to TASKs which are to process inter- 
rupts. Priorities above 128 do not cause interrupts to 
be disabled, these priorities (129 to 255) are appro- 
priate for non-interrupt TASKs. If an 8087 Numerics 
Processor Extension is used, the error recovery inter- 
rupt level assigned to it will have a higher priority 
than a TASK executing on it, so that error handling is 
performed correctly. 

EXECUTION STATUS 

A TASK has an execution status or execution state. 
The OSP provides five execution states: RUNNING, 
READY, ASLEEP, SUSPENDED, and ASLEEP- 
SUSPENDED. 

— A TASK is RUNNING if it has control of the 
processor. 

— A TASK is READY if it is not asleep, suspended, or 
asleep-suspended. For a TASK to become the run- 
ning (executing) TASK, it must be the highest 
priority TASK in the ready state. 

— A TASK is ASLEEP if it is waiting for a request to 
be granted or a timer event to occur. A TASK may 
put itself into the ASLEEP state. 

— A TASK is SUSPENDED if it is placed there by 
another TASK or if it suspends itself. A TASK may 
have multiple suspensions, the count of suspen- 
sions is managed by the OSP as the TASK suspen- 
sion depth. 

— A TASK is ASLEEP-SUSPENDED if it is both 
waiting and suspended. 

TASK attributes, the CPU register values, and the 
8087 register values (if the 8087 is configured into 
the application) are maintained by the OSP iri the 
TASK state image. Each TASK will have a unique 
TASK state image. 

SCHEDULING 

The OSP schedules the processor time among the 
various TASKs on the basis of priority. A TASK has an 
execution priority relative to all other TASKs in the 
system, which the OSP maintains for each TASK in its 
TASK state image. When a TASK of higher priority 
than the executing TASK becomes ready to execute, 



the OSP switches the control of the processor to the 
higher priority TASK. First, the OSP saves the outgo- 
ing (lower priority) TASK'S state including CPU regis- 
ter values in its TASK state image. Then, it restores 
the CPU registers from the TASK state image of the 
incoming (higher priority) TASK. Finally, it causes the 
CPU to start or resume executing the higher priority 
TASK. , 

TASK scheduling is performed by the OSP. The OSP's 
priority-oriented preemptive scheduler determines 
which TASK executes by comparing their relative 
priorities. The scheduler insures that the highest 
priority TASK with a status of READY will execute. A 
TASK will continue to execute until an interrupt with a 
higher priority occurs, or until it requests unavailable 
resources, for which it is willing to wait, or until it 
makes specific resources available to a higher 
priority TASK waiting for those resources. 

TASKs can become READY by receiving a message, 
receiving control, receiving an interrupt, or by timing 
out. The OSP always monitors the status of all the 
TASKs (and interrupts) in the system. Preemptive 
scheduling allows the system to be responsive to the 
external environment while only devoting CPU re- 
sources to TASKs with work to be performed. 

TIMED WAIT 

The OSP timer hardware facilities support timed 
waits and timeouts. Thus, in many primitives, a TASK 
can specify the length of time it is prepared to wait 
for an event to occur, for the desired resources to 
become available or for a message to be received at a 
MAILBOX. The timing interval (or System Tick) can 
be adjusted, with a lower limit of 1 millisecond. 

APPLICATION CONTROL OF TASK EXECUTION 

Programs may alter TASK execution status and 
priority dynamically. One TASK may suspend its own 
execution or the execution of another TASK for a 
period of time, then resume its execution later. Multi- 
ple suspensions are provided. A suspended TASK 
may be suspended again. 

The eight OSP Job and TASK management primitives 
are: 

CREATE JOB Partitions system resources and 
creates a TASK execution 
environment. 

CREATE TASK Creates a TASK state image. 

Specifies the location of the 
TASK code instruction stream, 
its execution priority, and the 
other TASK attributes. 
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SUSPEND TASK 



RESUME TASK 



SLEEP 



DELETE TASK Deletes the TASK state image, 
removes the instruction stream 
from execution and deallocates 
stack resources. Does not delete 
INTERRUPT TASKS. 

Suspends the specified TASK or, 
if already suspended, in- 
crements 1 its suspension depth 
by one. Execute state is 
SUSPEND. 

Decrements the TASK suspen- 
sion depth by one. If the sus- 
pension depth is then zero, 
the primitive changes the task 
execution status to READY, 
or ASLEEP (if ASLEEP/ 
SUSPENDED). 

Places the requesting TASK in 
the ASLEEP state for a specified 
number of System Ticks. (The 
TICK interval can be configured 
down to 1 millisecond.) 

SET PRIORITY Alters the priority of a TASK. 



Interrupt Management 

The OSP supports up to 256 interrupt levels or- 
ganized in an interrupt vector, and up to 57 external 
interrupt sources of which one is the NMI (Non- 
Maskable Interrupt). The OSP manages each inter- 
rupt level independently. The OSF INTERRUPT 
SUBSYSTEM provides two mechanisms for interrupt 
management: INTERRUPT HANDLERS and INTER- 
RUPT TASKs. INTERRUPT HANDLERS disable all 
maskable interrupts and should be used only for 
servicing interrupts that require little processing 
time. Within an INTERRUPT HANDLER only certain 
OSF Interrupt Management primitives (DISABLE, 
ENTER INTERRUPT, EXIT INTERRUPT, GET LEVEL, 
SIGNAL INTERRUPT) and basic CPU instructions 
can be used, other OSP primitives cannot be. The 
INTERRUPT TASK approach permits all OSP 
primitives to be issued and masks only lower priority 
interrupts. 

Work flow between an INTERRUPT HANDLER and an 
INTERRUPT TASK assigned to the same level is 
regulated with the SIGNAL INTERRUPT and WAIT 
INTERRUPT primitives. The flow is asynchronous. 
When an INTERRUPT HANDLER signals an INTER- 
RUPT TASK, the INTERRUPT HANDLER becomes 
immediately available to process another interrupt. 
The number of interrupts (specified for the level) the 



INTERRUPT HANDLER can queue for the INTER- 
RUPT TASK can be limited to the value specified in 
the SET INTERRUPT primitive. When the INTER- 
RUPT TASK is finished processing, it issues a WAIT 
INTERRUPT primitive, and is immediately ready to 
process the queue of interrupts that the INTERRUPT 
HANDLER has built with repeated SIGNAL INTER- 
RUPT primitives while the INTERRUPT TASK was 
processing. If there were no interrupts at the level, 
the queue is empty and the INTERRUPT TASK is 
SUSPENDED. See the Example (Figure 5) and Fig- 
ures 6 and 7. 

OSP external INTERRUPT LEVELs are directly 
related to internal TASK scheduling priorities. The 
OSP maintains a single list of priorities including 
both tasks and INTERRUPT LEVELs. The priority of 
the executing TASK automatically determines which 
interrupts are masked. Interrupts are managed by 
INTERRUPT LEVEL number. The OSP supports eight 
levels directly and may be extended by means of 
slave 8259As to a total of 57. 

The nine Interrupt Management OSP primitives are: 



DISABLE 



ENABLE 



ENTER INTERRUPT 



EXIT INTERRUPT 



GET LEVEL 



RESET INTERRUPT 



SET INTERRUPT 



Disables an external INTER- 
RUPT LEVEL. 

Enables an external INTER- 
RUPT LEVEL. 

Gives an Interrupt Handler 
its own data segment, sepa- 
rate from the data segment 
of the interrupted task. 

Performs an "END of INTER- 
RUPT" operation. Used by 
an INTERRUPT HANDLER 
which does not invoke an IN- 
TERRUPT TASK. Reenables 
interrupts, when the INTER- 
RUPT HANDLER gives up 
control. 

Returns the interrupt level 
number of the executing IN- 
TERRUPT HANDLER. 

Cancels the previous as- 
signment made to an 
interrupt level by SET IN- 
TERRUPT primitive request. 
If an INTERRUPT TASK has 
been assigned, it is also 
deleted. The interrupt level 
is disabled. 

Assigns an INTERRUPT 
HANDLER to an interrupt 
level and, optionally, an IN- 
TERRUPT TASK. 
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/* CODE EXAMPLE A INTERRUPT TASK TO KEEP TRACK OF TIME-OF-DAY 




DECLARE SECOND$COUNT BYTE, 
MINUTE$COUNT BYTE, 
HOURS$COUNT BYTE; 




TIME$TASK: PROCEDURE; 

DECLARE TIME$EXCEPT$CODE WORD; 




AC$CYCLE$COUNT=0; 

CALL RQ$SET$INTERRUPT(AC$INTERRUPT$LEVEL, 01 H), 

@AC$HANDLER,0,@TIME$EXCEPT$CODE); 
CALL RQ$RESUME$TASK(INIT$TASK$TOKEN,@TIME$EXCEPT$CODE); 
DO HOUR$COUNT=0 TO 23; 

DO MINUTE$COUNT=0 TO 59; 
DO SECOND$COUNT-0 TO 59; 

CALL RQ$WAIT$iNTERRUPT(AC$INTERRUPT$LEVEL, 

@TIME$EXCEPT$CODE); 
IF SECONDSCOUNT MOD 5=0 

THEN CALL PROTECTED$CRT$OUT(BEL), 
ENO; /* SECOND LOOP */ 
END; /* MINUTE LOOP 7 
END; /* HOUR LOOP 7 
CALL RQ$RESET$INTERRUPT(AC$INTERRUPT$LEVEL, @TIME$EXCEPT$CODE); 
END TIMESTASK; 




r CODE EXAMPLE B INTERRUPT HANDLER TO SUBDIVIDE A.C. SIGNAL BY 60. 7 


* 


DECLARE AC$CYCLE$COUNT BYTE; 
ACSHANDLER: PROCEDURE INTERRUPT 59; 

DECLARE AC$EXCEPT$CODE WORD; 

AC$CYCLE$COUNT=AC$CYCLE$COUNT +1; 

IFAC$CYCLE$COUNT>=60THEN DO; 
AC$CYCLE$COUNT=0; 

CALL RQ$SIGNAL$INTERRUPT(AC$INTERRUPT$LEVEL,@AC$EXC£PT$CODE); 

END; 

END ACSHANDLER; 


Figure 5. OSP Examples 




CALL 
ENTERSINTERRUPT 



INTERRUPT HANDLER 

DOES SOME 
INTERRUPT SERVICING 



INTERRUPT 
HANDLER CALLS 
EXITSINTERRUPT 








APPLICATION TASK 



INTERRUPT 
HANDLER CALLS 
SIGNALSINTERRUPT 



INTERRUPT TASK 
COMPLETES INTERRUPT 
SERVICING 



INTERRUPT TASK 

CALLS 
WAITSiNTERRUPT 



Figure 6. Interrupt Handling Flowchart 
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BUFFERS 




Figure 7. Multiple Buffer Example 



SIGNAL INTERRUPT Used by an INTERRUPT 
HANDLER to activate an In- 
terrupt Task. 

WAIT INTERRUPT Suspends the calling Inter- 
rupt Task until the INTER- 
RUPT HANDLER performs a 
SIGNAL INTERRUPT to in- 
voke it. If a SIGNAL INTER- 
RUPT for the task has 
occurred, it is processed. 



FREE MEMORY MANAGEMENT 

The OSP Free Memory Manager manages the 
memory pool which is allocated to each JOB for its 
execution needs. (The CREATE JOB primitive al- 
locates the new JOB'S memory pool from the 
memory pool of the parent JOB.) The memory pool is 
part of the JOB resources but is not yet allocated 
between the tasks of the JOB. When a TASK, MAIL- 
BOX, or REGION system data type structure is 
created within that JOB, the OSP implicitly allocates 
memory for it from the JOB'S memory pool, so that a 
separate call to allocate memory is not required. OSP 
primitives that use free memory management im- 
plicitly include CREATE JOB, CREATE TASK, 
DELETE TASK, CREATE MAILBOX, DELETE MAIL- 
BOX, CREATE REGION, and DELETE REGION. The 



CREATE SEGMENT primitive explicitly allocates a 
memory area when one is needed by the TASK. For 
example, a TASK may explicitly aflocate a SEGMENT 
for use as a memory buffer. The SEGMENT length 
can be any multiple of 16 bytes between 16 bytes and 
64K bytes in length. The programmer may specify 
any number of bytes from 1 byte to 64 KB, the OSP 
will transparently round the value up to the appropri- 
ate segment size. 

The two explicit memory allocation/deallocation 
primitives are: 

CREATE SEGMENT Allocates a SEGMENT of spe- 
cified length (in 16-byte-long 
paragraphs) from the JOB 
Memory Pool. 

DELETE SEGMENT Deallocates the SEGMENT'S 
memory area, and returns it 
to the JOB memory pool. 

Intertask Communication 

The OSF; has built-in intertask synchronization and 
communication, permitting TASKs to pass and share 
information with each other. OSP MAILBOXes con- 
tain controlled handshaking facilities which guaran- 
tee that a complete message will always be sent from 
a sending TASK to a receiving TASK. Each MAILBOX 
consists of two interlocked queues, one of TASKs 
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and the other of Messages. Four OSP primitives for 
intertask synchronization and communication are 
provided: 

CREATE MAILBOX Creates intertask message 
exchange. 

DELETE MAILBOX Deletes an intertask mes- 
sage exchange. 

RECEIVE MESSAGE Calling TASK receives a mes- 
sage from the MAILBOX. 

SEND MESSAGE Calling TASK sends a 
message to the MAILBOX. 

The CREATE MAILBOX primitive allocates a MAIL- 
BOX for use as an information exchange between 
TASKs. The OSP will post information at the MAIL- 
BOX in a FIFO (First-ln First-Out) manner when a 
SEND MESSAGE instruction is issued. Similarily, a 
message is retrieved by the OSP if a TASK issues a 
RECEIVE MESSAGE primitive. The TASK which 
creates the MAILBOX may make it available to other 
TASKs to use. 

If no message is available, the TASK attempting to 
receive a message may choose to wait for one or 
continue executing. 

The queue management method for the task queue 
(FIFO or PRIORITY) determines which TASK in the 
MAILBOX TASK queue will receive a message from 
the MAILBOX. The method is specified in the 
CREATE MAILBOX primitive. 



Intertask Synchronization and Mutual 
Exclusion 

Mutual exclusion is essential to multiprogramming 
and multiprocessing systems. The REGION system 
data type implements mutual exclusion. A REGION is 
represented by a queue of TASKS waiting to use a 
resource which must be accessed by only one TASK 
at a time. The OSP provides primitives to use 
REGIONS to manage mutually exclusive data and 
resources. Both critical code sections and shared 
data structures can be protected by these primitives 
from simultaneous use by more than one task. 
REGIONS support both FIFO (First-ln First-Out) or 
Priority queueing disciplines for the TASKS seeking 
to enter the REGION. The REGION SDTcan also be 
used to implement software locks. 

Multiple REGIONS are allowed, and are automatically 
exited in the reverse order of entry. While in a 
REGION, a TASK cannot be suspended by itself or 
any other TASK, and thereby avoids deadlock. 



There are five OSP primitives for mutual exclusion: 



CREATE REGION' 
SEND CONTROL 
ACCEPT CONTROL 



Create a REGION (lock). 

Give up the REGION. 

Request the REGION, but do 
not wait if it is not available. 

RECEIVE CONTROL Request a REGION, wait if 
not immediately available. 

DELETE REGION Delete a REGION. 

The OSP also provides dynamic priority adjustment 
for TASKs within priority REGIONS: If a higher- 
priority TASK issues a RECEIVE CONTROL primitive, 
while a (lower-priority) TASK has the use of the same 
REGION, the lower-priority TASK will be trans- 
parently, and temporarily, elevated to the waiting 
TASK'S priority until it relinquishes the REGION via 
SEND CONTROL. At that point, since it is no longer 
using the critical resource, the TASK will have its 
normal priority restored. 



OSP Control Facilities 

The OSP also includes system primitives that provide 
both control and customization capabilities to a mul- 
titasking system. These primitives are used to control 
the deletion of SDTs and the recovery of free memory 
in a system, to allow interrogation of operating sys- 
tem status, and to provide uniform means of adding 
user SDTs and type managers. 

DELETION CONTROL 

Deletion of each OSP system data type is explicitly 
controlled by the applications programmer by set- 
ting a deletion attribute for that structure. For exam- 
ple, if a SEGMENT is to be kept in memory until DMA 
activity is completed, its deletion attribute should be 
disabled. Each TASK, MAILBOX, REGION, and SEG- 
MENT SDT is created with its deletion attribute en- 
abled (i.e., they may be deleted). Two OSP primitives 
control the deletion attribute: ENABLE DELETION 
and DISABLE DELETION. 

ENVIRONMENTAL CONTROL 

The OSP provides inquiry and control operations 
which help the user interrogate the application envi- 
ronment and implement flexible exception handling. 
These features aid in run-time decision making and 
in application error processing and recovery. There 
are five OSP environmental control primitives. 

OS EXTENSIONS 

The OSP architecture is defined to allow new user- 
defined System Data Types and the primitives to ma- 
nipulate them to be added to OSP capabilities 
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provided by the built-in System Data Types. The type 
managers created for the user-defined SDTs are 
called user OS extensions and are installed in the 
system by the SET OS EXTENSION primitive. Once 
installed, the functions of the type manager may be 
invoked with user primitives conforming to the OSP 
interface. For well-structured extended architec- 
tures, each OS extension should support a separate 
user-defined system data type, and every OS exten- 
sion should provide the same calling sequence and 
program interface for the user as is provided for a 
built-in SDT. The type manager for the extension 
would be written to suit the needs of the application. 
OSP Interrupt vector entries (224-255) are reserved 
for user OS extensions and are not used by the OSP. 
After assigning an interrupt number to the extension, 
the extension user may then call it with the standard 
OSP call sequence (Figure 4), and the unique 
software interrupt number assigned to the 
extension. 



ENABLE DELETION 



DISABLE DELETION 



GET TYPE 



GET TASK TOKENS 



GET EXCEPTION 
HANDLER 



SET EXCEPTION 
HANDLER 

SET OS EXTENSION 



SIGNAL EXCEPTION 



Allows a specific SEGMENT, 
TASK, MAILBOX, or REGION 
SDT to be deleted. 

Prevents a specific SEG- 
MENT, TASK, MAILBOX, or 
REGION SDT from being 
deleted. 

Given a token for an in- 
stance of a system data type, 
returns the type code. 

Returns to the caller infor- 
mation about the current 
task environment. 

Returns information about 
the calling TASK'S current in- 
formation handler: its ad- 
dress, and when it is used. 

Provides the address and 
usage of an exception 
handler for a TASK. 

Modifies one of the interrupt 
vector entries reserved for 
OS extensions (224-255) to 
point to a user OS extension 
procedure. 

For use in OS extension er- 
ror processing. 



EXCEPTION HANDLING 

The OSP supports exception handlers. These are 
similar to CPU exception handlers such as OVER- 
FLOW and ILLEGAL OPERATION. Their purpose is to 



allow the OSP primitives to report parameter errors 
in primitive calls, and errors in primitive usage. Ex- 
ception handling procedures are flexible and can be 
individually programmed by the application. In gen- 
eral, an exception handler if called will perform one 
or more of the following functions: 

— Log the Error. 

—Delete/Suspend the Task that caused the 
exception. 

— Ignore the error, presumably because it is not 
serious. 

An EXCEPTION HANDLER is written as a procedure. 
If PLM/86 is used, the "compact," "medium" or 
"large" model of computation should be specified for 
the compilation of the program. The mode in which 
the EXCEPTION HANDLER operates may be speci- 
fied in the SET EXCEPTION HANDLER primitive. The 
return information from a primitive call is shown in 
Figure 4. CX is used to return standard system error 
conditions. Table 7 shows a list of these conditions, 
using the default EXCEPTION HANDLER of the OSP. 

HARDWARE DESCRIPTION 

The 80130 operates in a closely coupled mode with 
the iAPX 86/10 or 88/10 CPU. The 80130 resides on 
the CPU local multiplexed bus (Figure 8). The main 
processor is always configured for maximum mode 
operation. The 80130 automatically selects between 
its 88/30 and 86/30 operating modes. 

The 80130 used in the 86/30 configuration, as shown 
in Figure 8 (or a similar 88/30 configuration), 
operates at both 5 and 8 MHz without requiring pro- 
cessor wait states. Wait state memories are fully sup- 
ported, however. The 80130 may be configured with 
both an 8087 NPX and an 8089 IOP, and provides 
full context control over the 8087. 

The 80130 (shown in Figure 3) is internally divided 
into a control unit (CU) and operating system unit 
(OSU). The OSU contains facilities for OSP kernel 
support including the system timers for scheduling 
and timing waits, and the interrupt controller for 
interrupt management support. 

iAPX 86/30, iAPX 88/30 System 
Configuration 

The 80130 is both I/O and memory mapped to the 
local CPU bus. The CPU's status S0/-S2/ is 
decoded along with IOCS/ (with BHE and AD 3 - 
AD 0 ) or MEMCS/ (with AD 13 -AD 0 ). The pins are 
internally latched. See Table 1 for the decoding of 
these lines. 
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Memory Mapping 

Address lines Ai 9 -A 14 can be used to form MEMCS/ 
since the 80130's memory-mapped portion is aligned 
along a 16K-byte boundry. The 80130 can reside on 
any 16K-byte boundry excluding the highest 
(FC000H-FFFFFH) and lowest (00000H-003FFH). The 
80130 control store code is position-independent ex- 
cept as limited above, in order to make it compatible 
with many decoding logic designs. AD 13 -AD 0 are 
decoded by the 80130's kernel control store. 

I/O Mapping 

The l/O-mapped portion of the 80130 must be aligned 
along a 16-byte boundry. Address lines A 15 -A 4 
should be used to form IOCS/. 

System Performance 

The approximate performance of representitive OSP 
primitives is given in Table 5. These times are shown 
for a typical iAPX 86/30 implementation with an 8 
MHz clock. These execution times are very compara- 
ble to the execution times of similar functions in 
minicomputers (where available) and are an order of 
magnitude faster than previous generation 
microprocessors. 

Initialization 

Both application system initialization and OSP- 
specific initialization/configuration are required to 
use the OSP. Configuration is based on a "database" 
provided by the user to the iOSP 86 support package. 
The OSP-specific initialization and configuration in- 
formation area is assigned to a user memory address 
adjacent to the 80130's memory-mapped location. 
(See Application Note 130 for further details.) The 
configuration data defines whether 8087 support is 
configured in the system, specifies if slave 8259A 
interrupt controllers are used in addition to the 
80130, and sets the operating system time base (Tick 
Interval). Also located in the configuration area are 
the exception handler control parameters, the ad- 
dress location of the (separate) application system 
configuration area and the OSP extensions in use. 
The OSP application system configuration area may 
be located anywhere in the user memory and must 
include the starting address of the application in- 
struction code to be executed, plus the locations of 
the RAM memory blocks to be managed by the OSP 
free memory manager. Complete application system 
support and the required 80130 configuration sup- 
port are provided by the iAPX 86/30 and iAPX 88/30 
OPERATING SYSTEM PROCESSOR SUPPORT 
PA'CKAGE (iOSP 86). 



RAM Requirements 

The OSP manages its own interrupt vector, which is 
assigned to low RAM memory. Working RAM storage 
is required as stack space and data area. The 
memory space must be allocated in user RAM. 

OSP interrupt vector memory locations 0H-3FFH 
must be RAM based. The OSP requires 2 bytes of 
allocated RAM. The processor working storage is 
dynamically allocated from free memory. Approxi- 
mately 300 bytes of stack should be allocated for 
each OSP task. 



TYPICAL SYSTEM CONFIGURATION 

Figure 8 shows the processing cluster of a "typical" 
iAPX 86/30 or iAPX 88/30 OSP system. Not shown are 
subsystems likely to vary with the application. The 
configuration includes an 8086 (or 8088) operating in 
maximum mode, an 8284A clock generator and an 
8288 system controller. Note that the 80130 is located 
on the CPU side of any latches or transceivers. See 
Intel Application Note 130 for further details on 
configuration. 

OSP Timers 

The OSP Timers are connected to the lower half of 
the data bus and are addressed at even addresses. 
The timers are read as two successive bytes, always 
LSB followed by MSB. The MSB is always latched on 
a read operation and remains latched until read. 
Timers are not gatable. 

Baud Rate Generator 

The baud rate generator is 8254 compatible (square 
wave mode 3). Its output, BAUD, is initially high and 
remains high until the Count Register is loaded. The 
first falling edge of the clock after the Count Register 
is loaded causes the transfer of the internal counter 
to the Count Register. The output stays high for N/2 
[(N+1)/2 if N is odd] and then goes low for N/2 
[(N-1)/2 if N is odd]. On the falling edge of the clock 
which signifies the final count for the output in low 
state, the output returns to high state and the Count 
Register is transferred to the internal counter. The 
whole process is then repeated. Baud Rates are 
shown in Table 6. • 

The baud rate generator is located at 0CH (12), rela- 
tive to the 16-byte boundary in the I/O space in which 
the 80130 component is located ("OSF" in the follow- 
ing example), the timer control word is located at 
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Figure 8. Typical OSP Configuration 



relative address, 0EH(14). Timers are addressed with 
IOCS=0. Timers 0 and 1 are assigned to the use by 
the OSP, and should not be altered by the user. 

For most baud-rate generator applications, the com- 
mand byte 

0B6H Read/Write Baud-Rate Delay Value 

will be used. A typical sequence to set a baud rate 
of 9600 using a count value of 52 follows (see 
Table 6): 

MOV AX,0B6H ;Prepareto Write Delay to 
Timer 3. 

OUT OSF+14.AX ;Control Word. 
MOV AX, 52 

OUT OSF+12,AL ;LSB written first 
XCHG AL,AH 

OUT OSF+12.AL ;MSB written after. 

The 80130 timers are subset compatible with 8254 
timers. 



Interrupt Controller 

The Programmable Interrupt Controller (PIC), is also 
an integral unit of the 80130. its eight input pins 
handle eight vectored priority interrupts. One of 
these pins must be used for the SYSTICK time func- 
tion in timing waits, using an external connection as 
shown. During the 80130 initialization and configura- 
tion sequence, each 80130 interrupt pin is individu- 
ally programmed as either level or edge sensitive. 
External slave 8259A interrupt controllers can be 
used to expand the total number of OSP external 
interrupts to 57. 

In addition to standard PIC funtions, 80130 PIC unit 
has an LIR output signal, which when low indicates 
an interrupt acknowledge cycle. LIR =0 is p rovided to 
control the 8289 Bus Arbiter SYSB/RESB pin. This 
will avoid the need of requesting the system bus to 
acknowledge local bus non-slave interrupts. The 
user defines the interrupt system as part of the 
configuration. 
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INTERRUPT SEQUENCE 

The OSP interrupt sequence is as follows: 

1. One or more of the interrupts is set by a low-to- 
high transition on edge-sensitive IR inputs or by a > 
high input on level-sensitive IR inputs. 

2. The 80130 evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds 
with an interrupt acknowledge cycle which is en- 
coded in S 2 -S 0 . 

4. Upon receiving the first interrupt acknowledge 
from the CPU, the highest-priority interrupt is set 
by the 80130 and the corresponding edge detect 
latch is reset. The 80130 does not drive the ad- 
dress/data bus during this bus cy cle b ut does 
acknowledge Jthe cycle by making ACK=0 and 
sending the LIR value for the IR input being 
acknowledged. 

5. The CPU will then initiate a second interrupt ac- 
knowledge cycle. During this cycle, the 80130 will 
supply the cascade address of the interrupting 
input at T-j on the bus and also release an 8-bit 
pointer onto the bus if appropriate, where it is 
read by the CPU. If the 80130 does supply the 
pointer, then ACK will be low for the cycle. This 
cycle also has the value LIR for the IR input being 
acknowledged. 

6. This completes the interrupt cycle, The ISR bit 
remains set until an appropriate EXIT INTERRUPT 
primitive (EOI command) is called at the end of 
the Interrupt Handler. 



OSP APPLICATION EXAMPLE 

Figure 5 shows an application of the OSP primitives 
to keep track of time of day in a simplified example. 
The system design uses a 60 Hz A.C. signal as a time 
base. The power supply provides a TTL-compatible 



signal which drives one of 80130 edge-triggered in- 
terrupt request pins once each A.C. cycle. The Inter- 
rupt Handler responds to the interrupts, keeping 
track of one second's A.C. cycles. The Interrupt Task 
Counts the seconds and after a day deletes itself. In 
typical systems it might perform a data logging oper- 
ation once each day. The Interrupt Handler and Inter- 
rupt Task are written as separate modular programs. 

The Interrupt Handler will actually service interrupt 
59 when it occurs. It simply counts each interrupt, 
and at a count of 60 performs a SIGNAL INTERRUPT 
to notify the Interrupt Task that a second has elapsed. 
The Interrupt Handler (ACS HANDLER) was assigned 
to this level by the SET INTERRUPT primitive. After 
doing this, the Interrupt Task performed the Primitive 
RESUME TASK to resume the application task (INITS 
TASKS TOKEN). 

The main body of the task is the counting loop. The 
Interrupt Task is signaled by the SIGNAL INTERRUPT 
primitive in the Interrupt Handler (at interrupt level 
ACS INTERRUPTS LEVEL). When the task is sig- 
nalled by the Interrupt Handler it will execute the 
loop exactly one time, increasing the time count 
variables. Then it will execute the WAIT INTERRUPT 
primitive, and wait until awakened by the Interrupt 
Handler. Normally, the task will now wait some period 
of time for the next signal. However, since the inter- 
face between the Handler and the Task is asyn- 
chronous, the handler may have already queued the 
interrupt for servicing, the writer of the task does not 
have to worry about this possibility. 

At the end of the day, the task will exit the loop and 
execute RESET INTERRUPT, which disables the in- 
terrupt level, and deletes the interrupt task. The OSP 
now reclaims the memory used by the Task and 
schedules another task. If an exception occurs, the 
coded value for the exception is available in TIMES 
EXCEPTS CODE after the execution of the primitive. 

A typical PL/M-86 calling sequence is illustrated by 
the call to RESET INTERRUPT shown in Figure 5. 
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Table 2. OSP System Data Type Summary 


Job 


Jobs are the means of organizing the program environment and resources. An application consists of 
one or more jobs. Each iAPX 86/30 system data type is contained in some job. Jobs are independent of 
each other, but they may share access to resources. Each job has one or more tasks, one of which is an 
initial task. Jobs are given pools of memory, and they may create subordinate offspring jobs, which 
may borrow memory from their parents. 


Task 


Tasks are the means by which computations are accomplished. A task is an instruction stream with its 
own execution stack and private data. Each task is part of a job and is restricted to the resources 
provided by its job. Tasks may perform general interrupt handling as well as other computational 
functions. Each task has a set of attributes, which is maintained for it by the iAPX 86/30, which 
characterize its status. These attributes are: 

its containing job 
its register context 
its priority (0-255) 

its execution state (asleep, suspended, ready, running, asleep/suspended). 

its suspension depth 

its user-selected exception handler 

its optional 8087 extended task state 


Segment 


Segments are the units of memory allocation. A segment is a physically contiguous sequence of 
16-byte, 8086 paragraph-length, units. Segments are created dynamically from the free memory 
space of a Job as one of its Tasks requests memory for its use. A segment is deleted when it is no longer 
needed. The iAPX 86/30 maintains and manages free memory in an orderly fashion, itobtains memory 
space from the pool assigned to the containing job of the requesting task and returns the space to the 
job memory pool (or the parent job pool) when it is no longer needed. It does not allocate memory to 
create a segment if sufficient free memory is not available to it, in that case it returns an error 
exception code. 


Mailbox 


Mailboxes are the means of intertask communication. Mailboxes are used by tasks to send and 
receive message segments. The iAPX 86/30 creates and manages two queues for each mailbox. One 
of these queues contains message segments sent to the mailbox but not yet received by any task.The 
other mailbox queue consists of tasks that are waiting to receive messages.The iAPX 86/30 operation 
assures that waiting tasks receive messages as soon as messages are available. Thus at any moment 
one or possibly both of two mailbox queues will be empty. 


Region 


Regions are the means of serialization and mutual exclusion. Regions are-familiar as "critical code 
regions." The iAPX 86/30 region data type consists of a queue of tasks. Each task waits to execute in 
mutually exclusive code or to access a shared data region, for example to update a file record. 


Tokens 


The OSP interface makes use of a 16-bit TOKEN data type to identify individual OSF data structures. 
Each of these (each instance) has its own unique TOKEN. When a primitive is called, it is passed the 
TOKENs of the data structures on which it will operate. 
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Table 3. System Data Type Codes and Attributes 



S.D.T. 


Code 


Attributes 


Jobs 


1 


Tasks 

Memory Pool 
S.D.T. Directory 


Tasks 


2 


Priority 
Stack 
Code 
State 

Exception Handler 


Mailboxes 


3 


Queue of S.D.T.s 
(generally segments) 
Queue of Tasks 
waiting for S.D.T.s 


Region 


5 


Queue of Tasks 
waiting for mutually 
exclusive code or 
data 


Segments 


6 


Buffer 
Length 



Table 4. OSP Primitives 



Class 


OSP 
Primitive 


Interrupt 
Number 


Entry Code 
in AX 


Parameters 
On Caller's Stack 


J 
0 
B 


CREATE JOB 


184 


0100H - 


*See 80130 User Manual 


T 
A 
S 
K 


CREATE TASK 

DELETE TASK 
SUSPEND TASK 
RESUME TASK 
SET PRIORITY 
SLEEP 


184 

184 
184 
184 
184 
184 


0200H 

0201 H 
0202H 
, 0203H 
0209H 
0204H 


Priority, IP Ptr f Data Segment, Stack 

Seg, Stack Size Task Information, 

ExcptPtr 

TASK, ExcptPtr 

TASK, ExcptPtr 

TASK, ExcptPtr 

TASK, Priority, ExcptPtr 

Time Limit.ExcptPtr 


I 

N 
T 
E 
R 
R 
U 
P 
T 


DISABLE 
ENABLE 

ENTER INTERRUPT 
EXIT INTERRUPT 
GET LEVEL 
RESET INTERRUPT 
SET INTERRUPT 

SIGNAL INTERRUPT 
WAIT INTERRUPT 


190 
184 
184 
186 
188 
184 
184 

185 

187 


0705H 
0704H 
0703H 
NONE 
0702H 
0706H 
0701 H 

NONE 
NONE 


Level, ExcptPtr 

Level #, ExcptPtr 

Level #, ExcptPtr 

Level #, ExcptPtr 

Level #, ExcptPtr 

Level #, ExcptPtr 

Level, Interrupt Task Flag Interrupt 

Handler Ptr, Interrupt Handler DataSeg 

ExcptPtr 

Level, ExcptPtr 

Level, ExcptPtr 


S 
E 
G 
M 
E 
N 
T 


CREATE SEGMENT 
DELETE SEGMENT 


184 
184 


0600H 
0603H 


Size, ExcptPtr 
SEGMENT, ExceptPtr 
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Table 4. OSP Primitives (Continued) 



Class 



OSP 
Primitive 



Interrupt 
Number 



Entry Code 
in AX 



Parameters 
On Caller's Stack 



M 
A 

I 

L 
B 
O 
X 



CREATE MAILBOX 
DELETE MAILBOX 
RECEIVE MESSAGE 

SEND MESSAGE 



184 
184 
184 

184 



0300H 
0301 H 
0303H 

0302H 



Mailbox flags, ExcptPtr 

MAILBOX, ExcptPtr 

MAILBOX, Time Limit ResponsePtr, 

ExcptPtr 

MAILBOX, Message Response, ExcptPtr 



R 
E 
G 
I 

.0 
N 



ACCEPT CONTROL 
CREATE REGION 
DELETE REGION 
RECEIVE CONTROL 
SEND CONTROL 



184 
184 
184 
184 
184 



0504H 
0500H 
0501 H 
0503H 
0502H 



REGION, ExcptPtr 
Region Flags, ExcptPtr 
REGION, ExcptPtr 
REGION, ExcptPtr 
ExcptPtr 



E 
N 
V 
I 

R 
O 
N 
M 
E 
N 
T 
A 
L 



DISABLE DELETION 


184 


ENABLE DELETION 


184 


GET EXCEPTION 




HANDLER 


184 


GET TYPE 


184 


GET TASK TOKENS 


184 


SET EXCEPTION 




HANDLER 


184 


SET OS EXTENSION 


184 


SIGNAL 




EXCEPTION 


184 



0001 H 


TOKEN, ExcptPtr 


0002H 


TOKEN, ExcptPtr 


0800H 


Ptr t ExcptPtr 


0000H 


TOKEN, ExcptPtr 


0206H 


Request, ExcptPtr 


0801 H 


Ptr, ExcptPtr 


0700H 


Code,instPtr, ExcptPtr 


0802H 


Exception Code, Parameter Number, 




StackPtr,0,0,ExcptPtr 



NOTES: 

All parameters are pushed onto the OSP stack. Each parameter is one word. See Figure 3 for Call Sequence. 
Explanation of the Symbols 



JOB 


OSP JOB SDT Token 


TASK 


OSP TASK SDT Token 


REGION 


OSP REGION SDT Token 


MAILBOX 


OSP MAILBOX SDT Token 


SEGMENT 


OSP SEGMENT SDT Token 


TOKEN 


Any SDT Token 


Level 


Interrupt Level Number 


ExcptPtr 


Pointer to Exception Code 


Message 


Message Token 


Ptr 


Pointer to Code.Stack etc. Address 


Seg 


Value Loaded into appropriate Segment Register 




Value Parameter. v. 
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Table 5. OSP Primitive Performance Examples 



Datatype Class 


Primitive Execution Speed* 
(microseconds) 


JOB 


CREATE JOB 


2950 


TASK 


CREATE TASK (no preemption) 


1360 


SEGMENT 


CREATE SEGMENT 


700 


MAILBOX 


SEND MESSAGE (with task switch) 


475 




SEND MESSAGE (no task switch) 


265 




RECEIVE MESSAGE (task waiting) 


540 




RECEIVE MESSAGE (message waiting) 


260 


REGION 


SEND CONTROL 


170 




RECEIVE CONTROL 


205 



*8 MHz iAPX 86/30 OSP Configuation. 



Table 6. Baud Rate Count Values (16X) 



Baud 


8 MHz Count 


5 MHz Count 


Rate 


Value 


Value 


300 


1667 


1042 


600 


833 


521 


1200 


417 


260 


2400 


208 


130 


4800 


104 


65 


9600 


52 


33 
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Table 7a. Mnemonic Codes for Unavoidable Exceptions 


E$OK 


Exception Code Value = 0 
the operation was successful 


E$TIME 


Exception Code Value = 1 

the specified time limit expired before completion of the operations was possible 


E$MEM 


Exception Code Value = 2 

insufficient nucleus memory is available to satisfy the request 


E$BUSY 


Exception Code Value = 3 
specified region is currently busy 


E$LIMIT 


Exception Code Value = 4 

attempted violation of a job, semaphore, or system limit 


E$CONTEXT 


Exception Code Value = 5 

the primitive was called in an illegal context (e.g., call to enable for an already enabled 
interrupt) 


E$EXIST 


Exception Code Value = 6 

a token argument does not currently refer to any object; note that the object could have 
been deleted at any time by its owner 


E$STATE 


Exception Code Value = 7 

attempted illegal state transition by a task 


E$NOT$CONFIGURED 


Exception Code Value = 8 

the primitive called is not configured in this system 


E$INTERRUPT$SATU RATION 


Exception Code Value = 9 

The interrupt task on the requested level has reached its user specified saturation point 
for interrupt service requests. No further interrupts will be allowed on the level until the 
interrupt task executes a WAIT$INTERRUPT. (This error is only returned, in line, to 
interrupt handlers.) 


E$INTERRUPT$OVERFLOW 


Exception Code Value = 10 

The interrupt task on the requested level previously reached its saturation point and 
caused an E$INTERRUPT$SATURATION condition. It subsequently executed an 
ENABLE allowing further interrupts to come in and has received another SIG- 
N AL$INTERRUPTcall, bringing it over its specified saturation point for interrupt service 
requests. (This error is only returned, in line, to interrupt handlers). 


Table 7b. Mnemonic Codes for Avoidable Exceptions 


E$ZERO$DIVIDE 


Exception Code Value = 8000H 
divide by zero interrupt occurred 


E$OVERFLOW 


Exception Code Value = 8001 H 
overflow interrupt occurred 


E$TYPE 


Exception Code Value - 8002H 

a token argument referred to an object tha was not of required type 


E$BOUNDS 


Exception Code Value = 8003H 

an offset argument is out of segment bounds 


E$PARAM 


Exception Code Value = 8Q04H 

a (non-token, non-offset) argument has an illegal value 


E$BAD$CALL 


Exception Code Value = 8005H 

an entry code for which there is no corresponding primitive was passed 


E$ARRAY$BOUNDS = 8006H 


Hardware or Language has detected an array overflow 


E$NDP$ERROR 


Exception Code Value = 8007H , 

an 8087 (Numeric data Processor) error has been detected; (the 8087 status information 

is contained in a parameter to the exception handler) 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bins 0°C to 70°C 

Storage Temperature -65°C to 150°C 

Voltage on Any Rin With 

Respect to Ground - 1 .0V to +7V 

Power Dissipation 1 .0 Watts 



'NOTICE: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con- 
ditions for extended period may affect device reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 4.5 to 5.5V) 



Svmhol 

WjlllWI 


Parameter 


Min. 


Max. 


Units 


TS*^t Conditions 


V,L 


Input Low Voltage 


-0.5 


0.8 


V 




V IH 


Input High Voltage 


2.0 


V cc + -5 


V 




Vol 


Output Low Voltage 




0.45 


• V 


l 0L = 2mA 


Vqh 


Output High Voltage 


2.4 




V 


l 0H = -400juA 


'cc 


Power Supply Current 




200 


mA 


T A = 25C 


Ili 


Input Leakage Current 




10 


mA 


o<v IN <v cc 


>LR 


IR Input Load Current 




10 


M A 


V, N - V CC 








-300 


M A 


V, N = 0 


'lo 


Output Leakage Current 




10 


mA 


•45 = V IN = V CC 


V CL I 


Clock Input Low 




0.6 


V 




VCHI 


Clock Input High 


3.9 




V 




C|N 


Input Capacitance 




10 


PF 




Qo 


I/O Capacitance 




15 


PF 




'CU 


Clock Input Leakage Current 




10 


M A 


V,n = V cc 








150 


M A 


V IN = 2.5V 








10 


mA 


V IN « OV 



A.C. CHARACTERISTICS (T A = 0-70°C, V cc = 4.5-5.5 Volt, V ss = Ground) 













80130 


80130-2 


Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


T CLCL 


CLK Cycle Period 


200 




125 




ns 




T CLCH 


CLK Low Time 


90 




55 




ns 




T CHCL 


CLK High Time 


69 


2000 


44 


2000 


ns 




T SVCH 


Status Active Setup Time 


80 




65 




ns 




T CHSV 


Status Inactive Hold Time 


10 




10 




ns 




T SHCL 


Status Inactive Setup Time 


55 




55 




ns 




T CLSH 


Status Active Hold Time 


10 




10 




ns 




T ASCH 


Address Valid Setup Time 


8 




8 




ns 




T CLAH 


Address Hold Time 


10 




10 




ns 




T CSCL 


Chip Select Setup Time 


20 




20 




ns 




T CHCS 


Chip Select Hold Time 


0 




0 




ns 




T DSCL 


Write Data Setup Time 


80 




60 




ns 




TCHDH 


Write Data Hold Time 


10 




10 




ns 




T JLJH 


IR Low Time 


100 




100 




ns 




T CLDV 


Read Data Valid Delay 




140 




105 


ns 


C L = 200pE 


T CLDH 


Read Data Hold Time 


10 




10 




ns 




T CLDX 


Read Data to Floating 


10 


100 


10 


100 


ns 




T CLCA 


Cascade Address Delay Time 




85 




65 


ns 





3-548 



AFN-02059B 



80130/80130-2 
iAPX 86/30, 88/30, 186/30, 188/30 



A.C. CHARACTERISTICS (Continued) 















80130 


80130-2 


Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Notes 


^CLCF 


Cascade Addresse Hold Time 


10 




10 




ns 




T|AVE 


INTA Status t Acknowledge 




80 




80 


ns 




T CHEH 


Acknowledge Hold Time 


0 




0 




ns 




T CSAK 


Chip Select to ACK 




110 




110 


ns 




TSACK 


Status to ACK 




140 




140 


ns 




T AACK 


Address to ACK 




90 




90 


ns 




T CL0D 


Timer Output Delay Time 




200 




200 


ns 


C L = 100pF 


T CLOD1 


Timer 1 Output Delay Time 




200 




200 


ns 


C L = 100pF 


T JHIH 


INT Output Delay 




200 




200 


ns 




T IRCL 


IR Input Set Up 


20 








ns 





WAVEFORMS 

A.C. 



J — — V 



SYSTICK. 
DELAY. BAUD 



-J VJ V 
\ ¥ 
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PKEDLDIMIDMAIBV 



WAVEFORMS 



A.C. 



^ TCHCL ^ 



MEMCS, IOCS 



WRITE CYCLE 



AD, 5 - AD o 
ACK 



2ND INTA C YCLE 

TCLCA 



BHE a,,,-a 0 valid 



ADDRESS VALID 



{_ 



1 T 



WRITE DATA VALID 



ADDRESS VALID 



0 CASCADE ADDRESS 



READ DATA VALID 



© } 



© 



© 



7^ 



NOTES 

1 CASCADE ADDRESS PRESENTED ON AD8, AD9 AND AD10 CORRESPONDING TO CAS0, CAS1 
AND CAS2 RESPECTIVELY AD11-AD15 LINES ARE ACTIVE AND HAVE UNKNOWN VALUES AD0-AD7 
ARE TRISTATE 

2 POINTER VALUE IS ACTIVE ONLY IF POINTER IS GENERATED FROM THE 80150 AND NOT FROM 
EXTERNAL SLAVE UNIT 

3 ACTIVE LOW ONLY WHEN POINTER DATA IS BEING SUPPLIED BY THE 801 50 

4 LOW ONLY FOR LOCAL INTERRUPT I , 
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iAPX 86/50, 88/50, 186/50, 188/50 
CP/M-86* OPERATING SYSTEM PROCESSORS 



High-Performance Two-Chip Data 
Processors Containing the Complete 
CP/M-86 Operating System 

Standard On-Chip BIOS (Basic 
Input/Output System) Contains Drivers 
for 8272A, 8274, 8255A, 8251 A 

BIOS Extensible with User-Supplied 
Peripheral Drivers 

User Intervention Points Allow Addition 
of New System Commands 



■ Memory Disk Makes Possible Diskless 
CP/M-86 Systems 

■ No License or Serialization Required 

■ Built-in Operating System Timers and 
Interrupt Controller 

■ 8086/801 50/801 50-2/8088/801 86/801 88 
Compatible At Up To 8 MHz Without 
Wait States 



The Intel iAPX 86/50, 88/50, 186/50, and 188/50 are two-chip microprocessors offering general-purpose 
CPU instructions combined with the CP/M-86 operating system. Respectively, they consist of the 8- and 
16-bit software compatible 8086, 8088, 80186, and 80188 CPU plus the 80150 CP/M-86 operating system 
extension. 

CP/M-86 is a single-user operating system designed for computers based on the Intel iAPX 86, 88, 186, 
and 188 microprocessors. The system allows full utilization of the one megabyte of memory available for 
application programs. The 80150 stores CP/M-86 in its 16K bytes of on-chip memory. The 80150 will run 
third-party applications software written to run under standard Digital Research CP/M-86. 
The 80150 is implemented in N-Channel, depletion-load, silicon-gate technology (HMOS), and is housed 
in a 40-pin package. Included on the 80150 are the CP/M-86 operating system, Version 1.1, plus hardware 
support for eight interrupts, a system timer, a delay timer, and a baud rate generator. 

*CP/M-86 is a trademark of Digital Research, Inc 
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Figure 1. iAPX 86/50, 88/50 Block Diagram 
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8088 
CPU 




Z3 R5/6fo 


A05 £ 


11 




30 


ZJ ir ° 


AD5 Q 


11 




30 


Z] R0/GT1 


AD4 Q 


12 




29 


Z] INT 


AD4 Q 


12 




29 


Z] LOCK 


AD3 Q 


13 




28 


□ « 


AD3 Q 


13 




28 


Z]S2 


AD2 LZ 


14 




27 




AD2 Q 


14 




27 


□ si 


AD1 £ 


15 




26 


Zl so 


AD1 Q 


15 




26 


ZJSO 


AD0 IZ 


16 




25 


Zl ACK 


ADO 


16 




25 


Z] QSO 


MEMCS Q 


17 




24 


Z] ti" 


NMI Q 


17 




24 


Zl qsi 




18 




23 


Z] SYSTICK 


INTR Q 


18 




23 


ZJtesT 


CLK 


19 




22 


Z] DELAY 


CLK Q 


19 




22 


Z] READY 


VssC 


20 




21 


Zl BAU0 


VssC 


20 




21 


Z] RESET 



Figure 2. iAPX 86/50, 88/50 Pin Configuration 



Table 1. 80150 Pin Description 



Symbol Type Name and Function 

AD 15 -AD 0 I/O Address Data: These pins constitute the time multiplexed memory address (Ti) and 
data (T 2 , T 3 , T w , T 4 ) bus. These lines are active HIGH. The address presented during 
T-j of a bus cycle will be latched internally and interpreted as an 80150 internal 
address if MEMCS or IOCS is active for the invoked primitives. The 80150 pins float 
whenever it is not chip selected, and drive these pins only during T2-T4 of a read 
cycle and T-j of an INTA cycle. 

BHE/S7 I B " s High Enable: The 80150 uses the BHE signal from the processor to determine 

whether to respond with data on the upper or lower data pins, or both. The signal is 
active LOW. BHE is latched by the 80150 on the trailing edge of ALE. It controls the 
80150 output data as shown. 



BHE 


A 0 




0 


0 


Word on AD-15-AD0 


0 


1 


Upper byte on AD15- ADg 


1 


0 


Lower byte on AD7-AD0 


1 


1 


Upper byte on AD 7 -AD 0 



S2.S1.S0 I Status: For the 80150, the status pins are used as inputs only. 80150 encoding follows: 



S 2 


Si 


s 0 




0 


0 


0 


INTA 


0 


0 


1 


IORD 


0 


1 


0 


IOWR 


0 


1 


1 


Passive 


1 


0 


0 


Instruction fetch 


1 


0 


1 


MEMRD 


1 


1 


X 


Passive 
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Table 1. 80150 Pin Description (Continued) 



Symbol 



Type 



Name and Function 



CLK I Clock: The system clock provides the basic timing for the processor and bus controller. 

It is asymmetric with a 33% duty cycle to provide optimized internal timing. The 80130 
uses the system clock as an input to the SYSTICK and BAUD timers and to synchronize 
operation with the host CPU 

INT O Interrupt: INT is HIGH whenever a valid interrupt request is asserted. It is normally used 
to interrupt the CPU by connecting it to INTR. * 

IR7-IR0 I Interrupt Requests: An interrupt request can be generated by raising an IR input (LOW 

to HIGH) and holding it HIGH until it is acknowledged (Edge-Triggered Mode), or just by a 
HIGH level on an IR input (Level-Triggered Mode). 

ACK O Acknowledge: This line is LOW whenever an 80150 resource is being accessed. It is 

also LOW during the first INTA cycle and second INTA cycle if the 80150 is supplying 
the interrupt vector information. This signal can be used as a bus ready acknowl- 
edgement and/or bus transceiver control. 

MEMCS I Memory Chip Select: This input must be driven LOW when a kernel primitive is being 

fetched by the CPU AD13-AD0 are used to select the instruction. 



IOCS 



Input/Output Chip Select: When this input is low, during an IORD or IOWR cycle, the 
80150's kernel primitives are accessing the appropriate peripheral function as speci- 
fied by the following table: 



BHE A 3 


A 2 


A1 


A 0 




0 X 


X 


X 


X 


Passive 


X X 


X 


X 


1 


Passive 


X 0 


1 


X 


X 


Passive 


1 0 


0 


X 


0 


Interrupt Controller 


1 1 


0 


0 


0 


Systick Timer 


1 1 


0 


1 


0 


Delay Counter 


1 1 


1 


0 


0 


Baud Rate Timer 


1 1 


1 


1 


0 


Timer Control 



LIR O Local Bus Interrupt Request: This signal is LOW when the interrupt request is for a 

non-slave input or slave input programmed as being a local slave. 



v C c 



Power: Vcc 'S the +5V supply pin. 



V S S 



Ground: Vss is the ground pin 



SYSTICK 



System Clock Tick: Timer 0 Output. 



DELAY 



DELAY Timer: Output of timer 1 



BAUD 



Baud Rate Generator: 8254 Mode 3 compatible output. Output of 80150 Timer 2. 



The 80150 breaks new ground in operating system 
software-on-silicon components. It is unique 
because it is the first time that an industry- 
standard personal/small business computer 
operating system is being put in silicon. The 
80150 contains Digital Research's CP/M-86 
operating system, which is designed for Intel's 
line of software- and interface-compatible iAPX 
86, 88, 186, and 188 microprocessors. Since the 
entire CP/M-86 operating system is contained on 
the chip, it is now possible to design a diskless 
computer that runs proven and commonly 
available applications software. The 80150 is a 



true operating system extension to the host 
microprocessor, since it also integrates key 
operating system-related peripheral functions 
onto the chip. 

MODULAR DESIGN 

Based on a proven, modular design, the system in- 
cludes the: 

• CCP: Console Command Processor 

The CCP is the human interface to the 
operating system and performs decoding and 
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execution of user commands. 

• BDOS: Basic Disk Operating System 

The BDOS is the logical, invariant portion of the 
operating system; it supports a named file 
system with a maximum of 16 logical drives, 
containing up to 8 megabytes each for a poten- 
tial of 128 megabytes of on-line storage. 

• BIOS: Basic Input/Output System 

The physical, variant portion of the operating 
system, the BIOS contains the system- 
dependent input/output device handlers. 

CP/M* COMPATIBILITY 

CP/M-86 files are completely compatible with 
CP/M for 8080- and 8085-based microcomputer 
systems. This simplifies the conversion of soft- 
ware developed under CP/M to take full advantage 
of iAPX 86, 88, 186, 188-based systems. 

The user will notice no significant difference be- 
tween CP/M and CP/M-86. Commands such as 
DIR, TYPE, REN, and ERA respond the same way 
in both systems. 

CP/M-86 uses the iAPX 86, 88, 186, 188 registers 
corresponding to 8080 registers for system call 
and return parameters to further simplify software 
transport. The 80150 allows application code and 
data segments to overlap, making the mixture of 
code and data that often appears in CP/M applica- 
tions acceptable to the iAPX 86, 88, 186, 188. 

Unique Capabilities of CP/M-86 in Silicon 

1. CP/M-86 on- a-chip reduces software develop- 
ment required by the system designer. It can 
change the implementation of the operating 
system into the simple /inclusion of the 80150 
on the CPU board. 

As described, later, the designer can either 
simply incorporate the Intel chip without the 
need for writing even a single line of additional 
code, or he can add additional device drivers by 
writing only the small amount of additional 
code required. 

2. The 80150 is the most cost-effective way to im- 
plement CP/M-86 in a microcomputer. The in- 
tegration of CP/M-86 with the 16K bytes of 
system memory it requires, the two boot ROMS 
required in a diskette-based CP/M-86, and the 7 
on-chip peripherals (interrupt controller ana 
timers) lead to savings in software, parts cO/St, 
board space, and interconnect wiring. / 

3. The reliability of the microcomputer is in- 



creased significantly. Since CP/M-86 is now 
always in the system as a standard hardware 
operating system, a properly functioning 
system diskette is not required. CP/M-86 in 
hardware can no longer be overwritten acciden- 
tally by a runaway program. System reliability 
is enhanced by the decreased dependence on 
floppy disks and fewer chips and interconnec- 
tions required by the highly integrated 80150. 

4. The microcomputer system boots up CP/M-86 
on power-on, rather than requiring the user to 
go through a complicated boot sequence, thus 
lowering the user expertise required. 

5. Diskless CP/M-based systems are now easy to 
design. Since CP/M is already in the microcom- 
puter hardware, there is no need for a disk drive 
in the system if it is not desired. Without a disk 
drive, a system is more portable, simpler to use, 
less costly, and more reliable. 

6. The administrative costs associated with 
distributing CP/M-86 are eliminated. Since 
CP/M-86 is now resident on the 80150 in the 
microcomputer system, there is no end-user 
licensing required nor is thete any serialization 
requirement for the 80150 (because no CP/M 
diskette is used). 

7. End-users will value having their CP/M 
operating system resident in their computer 
rather than on a diskette. They will no longer 
have to back up the operating system or have a 

. diskette working properly to bring the system 
up in CP/M, increasing their confidence in the 
integrity, reliability, and usability of the system. 

80150 FUNCTIONAL DESCRIPTION 

The 80150 is a processor extension that is fully 
compatible with the 8086, 8088, 80186, and 80188 
microprocessors. When the 80150 is combined 
with the microprocessor, the two-chip set is 
called an Operating System Processor and is 
denoted as the iAPX 86/50, 88/50, 186/50, or 188/50. 
The basic system configuration is shown in 
Figure 1. The 80150 connects directly to the multi- 
plexed address/data bus and runs up to 8 MHz 

without wait states. 

/ 

A. Hardware. Figure 3 is a functional diagram of 
the 80150 itself. CP/M-86 is stored in the 
16K-bytes of control store. The timers are com- 
patible with the standard 8254 timer. The inter- 
rupt controller, with its eight programmable in- 
terrupt inputs and one interrupt output, is 
compatible with the 8259A Programmable In- 
. terrupt Controller. External slave 8259A inter- 

*CP/M is a registered trademark of Digital Research, Inc 
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OPERATING SYSTEM UNIT 



c 



PROGRAMMABLE 
INTERRUPT 
LOGIC 



INTERRUPT INPUTS 



INTERRUPT OUT 



CONTROL 
STORE 



c 



CI 



ADDRESS 
DATA BUS 



DATA 
BUFFER 



ADDRESS 
LATCH 



C 



SYSTEM 
TIMER 



DELAY 
TIMER 



BAUD RATE 
GENERATOR 



1 



CONTROL UNIT 



BUS 
INTERFACE 
■ AND 
CONTROL 



t=. STATUS 
^T~7^> BUS CONTROL 



LOCAL 

INTERRUPT 

(LIR) 



Figure 3. 80150 internal Block Diagram 



rupt controllers can be cascaded with the 
80150 to expand the total number of interrupts 
to 57. 

B. Software. Digital Research's version 1.1 of 
CP/M-86 forms the basis of the "80150. CP/M 
consists of three major parts: the Console 
Command Processor (CCP), the Basic Disk 
Operating System (BDOS), and the Basic In- 
put/Output System (BIOS). Details on CP/M-86 
are provided in Digital Research's CP/M-86 
Operating System User's Guide and CP/M-86 
Operating System System Guide. 

CCP - Console Command Processor 

The CCP provides all of the capabilities provided 
by Digital Research's CCP. Built-in commands 
have been expanded to include capabilities nor- 
mally included as transient utilities on the Digital 
Research CP/M-86 diskette. Commands are pro- 



vided to format diskettes, transfer files between 
devices (based on Digital Research's Peripheral 
Interchange Program PIP), and alter and display 
I/O device and file status (based on Digital 
Research's STAT). 

Through User Intervention Points, the standard 
CP/M-86 CCP is enhanced to allow the user to add 
new built-in commands to further customize a 
CP/M-86 system. 

BDOS - Basic Disk Operating System 

Once the CCP has parsed a command, it sends it 
to the BDOS, which performs system services 
such as managing disk directories and files. 
Some of the standard BDOS functions provide: 

Console Status 

Console Input and Output 

List Output 

Select Drive 

Set Track and Sector 
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Read/Write Sector 
Load Program 



The BDOS in the 80150 provides the Same func- 
tions as the standard Digital Research CP/M-86 
BDOS. 

BIOS - Basic Input/Output System 

The BIOS contains the system-dependent I/O 
drivers. The 80150 BIOS offers two fundamental 
configuration options: 

1. A predefined configuration which supports 
minimum cost CP/M-86 microcomputer 
systems and which requires no operating 
system development by the system designer. 

2. An OEM-configurable mode, where the 
designer can choose among several drivers of- 



fered on the 80150 or substitute or add any ad- 
ditional device drivers of his choice. 

These two options negate the potential software- 
on-silicon pitfall of inflexibility in system design. 
The OEM can customize the end system as 
desired. 

The predefined configuration offers a choice 
among several peripheral chip drivers included on 
the 80150. Drivers for the following chips are in- 
cluded in the 80150 BIOS: 

8251A Universal Synchronous/ 

Asynchronous Receiver/Transmit- 
ter (USART) 

8274 Multi-Protocol Serial Controller 
(MPSC) 

8255A Programmable Parallel Interface 
(PPI) 

8272A Floppy Disk Controller 



FLOPPY DISK 



ADDRESS/DATA BUS 



CONSOLE 



Figure 4. Predefined Configuration 
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Even in the predefined configuration, the system 
designer (or end user, if the system designer 
desires) may select parameters such as the baud 
rates for the console and printer, and the floppy 
disk size (standard 8" or 5 1 /4" mini-floppy) and 
format (FM single density or MFM double density, 
single-sided or double-sided). 

Drivers for the 80150 on-chip timers and interrupt 
controller are also included in the BIOS. 

The 80150 takes advantage of the 80186 and 80188 
on-chip peripherals in an iAPX 186/50 or 188/50 
system. For example, the integrated DMA controller is 
used. Also fully utilized are the integrated memory chip 
selects and I/O chip selects. 

Since all microcomputer configurations cannot 
be anticipated, the OEM-configurable mode 
allows the system designer to use any set of 
peripheral chips desired. This configuration is 
shown in Figure 5. 

By simply changing the jump addresses in a con- 
figuration table, the designer can also gain the 
flexibility of adding custom BIOS drivers for other 



peripheral chips, such as bubble memories or 
more complex CRT controllers. These drivers 
would be stored in memory external to the 80150 
itself. By providing the configurability option, the 
80150 is applicable to a far broader range of 
designs that it would be with an inflexible BIOS. 



MEMORY ORGANIZATION 

When using the predefined configuration bf the 

80150, BIOS, the 80150 must be placed in the top 
16K of the address space of the microprocessor 
(starting at location FC000H) so that the 80150 
gains control when the microprocessor is reset. 
Upon receipt of control, the 80150 writes a con- 
figuration block into the bottom of the micro- 
processor's address space, which must be in 
RAM. The 80150 uses the area after the inter- 
rupt vectors for system configuration information 
and scratch-pad storage. 

When using the OEM-configurable mode of the 
80150 BIOS, the 80150 is placed on any 16K boun- 



FLOPPYDISK , 



8088/8086/80186/80188 
CPU 



OTHER 
PERIPHERALS 



ADDRESS/DATA BUS 



8251 A 




8255A 




8274 



ASYNCHRONOUS 
COMMUNICATIONS, 
CONSOLE, 
SERIAL PRINTER 



KEYBOARD, 
PARALLEL PRINTER 



SYNCHRONOUS LINE, 
SERIAL PRINTER, 
CONSOLE 



Figure 5. OEM Configurable System 
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dary of memory except the highest (FC000H) or 
lowest (00000H). The user writes interface code (in 
the form of a simple boot ROM) to incorporate and 
link additional features and changes into the 
standard 80150 environment. The configuration 
block may be located as desired in the address 
space, and its size may vary widely depending on 
the application. 

Memory Disk 

A unique capability offered by the 80150 is the 
Memory Disk. The Memory Disk consists of a 
block of RAM whose size can be selected by the 
designer. The Memory Disk is treated by the 
BDOS as any standard floppy disk, and is one of 
the 16 disks that CP/M can address. Thus files can 
be opened and closed, programs stored, and 
statistics gathered on the amount of Memory Disk 
space left. 

The Memory Disk opens the possibility of a por-^ 
table low-cost diskless microcomputer or network 
station. Applications software can be provided in 



a number of ways: 

a. telephone lines via, a modem. 

b. ROM-based software. 

c. a network. 

d. bubble memory based software. 

e. low-cost cassettes. 

TYPICAL SYSTEM CONFIGURATION 

Figure 6 shows the processing cluster of a 
"typical" iAPX 86/50 or iAPX 88/50 OSP system. 
Not shown are subsystems likely to vary with the 
application. The configuration includes an 8086 
(or 8088) operating in maximum mode, an 8284A 
clock generator and an 8288 system controller. 
Note that the 80150 is located on the CPU side of 
any latches or transceivers. 

Timers 

The Timers are connected to the lower half of the 
data bus and are addressed at even addresses. 
The timers are read as two successive bytes, 



BHE 
A19 



ADDRESS/ data 



INT 
CLK 



AD15 
ADO 

IOCS 
MEMCS 
ACK 
LIR 
IRO 



DECODE 
LOGIC 



> 



BHE 

A19 



INTERRUPT REQUESTS 



LOCAL 

AND 
SYSTEM 
RESOURCES 



Figure 6. Typical OSP Configuration 
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always LSB followed by MSB. The MSB is always 
latched on a read operation and remains latched 
until read. Timers are not gatable. An external 
8254 Programmable Interval Timer may be added 
to the system. 

Baud Rate Generator 

The baud rate generator operates like an 8254 
(square wave mode 3). Its output, BAUD, is initially 
high and remains high until the Count Register is 
loaded. The first falling edge of the clock after the 
Count Register is loaded causes the transfer of 
the internal counter to the Count Register. The 
output stays high for N/2 [(N + 1)/2 if N is odd] and 
then goes low for N/2 [(N - 1)/2 if N is odd]. On the 
falling edge of the clock which signifies the final 
count for the output in low f state, the output 
returns to high state and the Count Register is 
transferred to the internal counter. The baud rates 
can vary from 300 to 9600 baud. 

The baud rate generator is located at 0CH (12), 
relative to the 16-byte boundary in the I/O space in 
which the 80150 component is located. The timer 
control word, is located at relative address, 
0EH(14). Timers are addressed with IOCS = 0. 
Timers 0 and 1 are assigned to use by the OSP, 
and should not be altered by the user. 

The 80150 timers are subset compatible with 8254 
timers. 

Interrupt Controllec 

The Programmable Interrupt Controller (PIC), is 
also an integral unit of the 80150. Its eight input 
pins handle eight vectored priority interrupts. One 
of these pins must be used for the SYSTICK time 
function in timing waits, using an external con- 
nection as shown. During the 80150 initialization 
and configuration sequence, each 80150 interrupt 
pin is individually programmed as either level or 
edge sensitive. External slave 8259A interrupt 
controllers can be used to expand the total 
number of interrupts to 57. 



In addition to standard PIC functions, the 80150 
PIC unit has an LIR output signal, which w hen low 
indicates an interrupt acknowledge cycle. LIR = 0 
is pr ovided to control the 8289 Bus Arbiter 
SYSB/RESB pin. This will avoid the need of re- 
questing the system bus to acknowledge local 
bus non-slave interrupts. The user defines the in- 
terrupt system as part ofJhe configuration. 



INTERRUPT SEQUENCE 

The interrupt sequence is as follows: 

1. One or more of the interrupts is set by a low- 
to-high transition on edge-sensitive IR inputs 
or by a high input on level- sensitive IR inputs. 

2. The 80150 evaluates these requests, and 
sends an INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds 
with an interrupt acknowledge cycle which is 
encoded in S2~Sq. 

4. Upon receiving the first intefrupt acknowledge 
from the CPU, the highest-priority interrupt is 
set by the 80150 and the corresponding edge 
detect latch is reset. The 80150 does not drive 
the address/data bus during this bus cycle but 
does acknowledge the cycle by making 
ACK = 0 and sending the LIR value for the IR 
input being acknowledged. 

5. The CPU will then initiate a second interrupt 
acknowledge cycle. During this cycle, the 
80150 will supply the cascade address of the 
interrupting input at T-| on the bus and also 
release an 8-bit pointer onto the bus if ap- 
propriate, where it is read by the C PU. If the 
80150 does supply the pointer, then ACK will 
be low for the cycle. This cycle also has the 
value LIR for the IR input being acknowledged. 

6. This completes the interrupt cycle. The ISR bit 
remains set until an appropriate EXIT INTER- 
RUPT primitive (EOI command) is called at the 
end of the Interrupt Handler. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0 °C to 70 °C 

Storage Temperature -65°C to 150°C 

Voltage on Any Pin With 

Respect to Ground - 1.0V to + 7V 

Power Dissipation 1 0 Watts 



'NOTICE: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con- 
ditions for extended period may affect device reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 4.5 to 5.5V) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


v lL 


Input Low Voltage 


-0.5 


0.8 


V 




v, H 


Input High Voltage 


2.0 


V C c + 5 


V 




Vol 


Output Low Voltage 




0.45 


V 


l 0L = 2mA 


Vqh 


Output High Voltage 


2.4 




V 


l 0H = -400mA 


ice 


Power Supply Current 




200 


mA 


T A = 25C 




Input Leakage Current 




10 


mA 


o<v IN <v cc 


Ilr 


IR Input Load Current 




10 


fxA 


V IN « V cc 








-300 


fA 


V, N = 0 


Ilo 


Output Leakage Current 




10 


^ 


•45 < V IN < V cc 


VCU 


Clock Input Low 




0.6 


V 




V C Hf 


Clock Input High 


3.9 




V 




C|N 


Input Capacitance 




10 


PF 




C IO 


I/O Capacitance 




15 


PF 




•CLI 


Clock Input Leakage Current 




10 


mA 


V, N - V cc 








150 


M A 


V, N = 2.5V 








10 


^A 


V,n - ov 



A.C. CHARACTERISTICS (T A = 0-70°C, V cc = 4.5-5.5 Volt, V ss - Ground) 
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Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


T CLCL 


CLK Cycle Period 


200 




125 




ns 




T CLCH 


CLK Low Time 


90 




55 




/ ns 




T CHCL 


CLK High Time 


69 


2000 


44 


20Q0 


ns 




Tsvch 


Status Active Setup Time 


80 




' 65 




ns 




T CHSV 


Status Inactive Hold Time 


10 




10 




ns 




T SHCL 


Status Inactive Setup Time 


55 




55 




ns 




T CLSH 


Status Active Hold Time 


10 




10 




ns 




T ASCH 


Address Valid Setup Time 


8 




8 




ns 




TcLAH 


Address Hold Time 


10 




10 




ns 




T CSCL 


Chip Select Setup Time 


20 




20 




ns 




T CHCS • 


Chip Select Hold Time 


0 




0 




ns 




T DSCL 


Write Data Setup Time 


80 




60 




ns 




T CHDH 


Write Data Hold Time 


10 




10 




ns 




Tjuh 


IR Low Time 


100 




100 




ns 




T CLDV 


Read Data Valid Delay 




140 




105 


ns 


C L = 200 pF 


T CLDH 


Read Data Hold Time 


10 




10 




ns 




T CLDX 


Read Data to Floating 


10 


100 


10 


100 


ns 




TdCA 


Cascade Address Delay Time 




85 




65 


ns 
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WAVEFORMS 



A.C. 



J 



BHE. AD,s-AD c 



WRITE CYCLE 



AD 15 -AD 0 
ACK 

2ND INTA CYCLE 



>, 5 -AD 0 )C 



J L / \ ( 



}HE A A VALID 



I TDSCL 



ADDRESS VALID 



JZZJ 



WRITE DATA VALID 



y- 



ADDRESS VALID 



READ DATA VALID 



TCHEH f- 
^1 



(T) CASCADE ADDRESS Y- 



© r 



© 



© 



if* 

A« — TCI 



NOTES 

1 CASCADE ADDRESS PRESENTED ON AD8, AD9 AND AD10 CORRESPONDING TO CAS0, CAS1 
AND CAS2 RESPECTIVELY AD1 1-AD15 LINES ARE ACTIVE AND HAVE UNKNOWN VALUES AD0-AD7 
ARE TRISTATE ' ' 

2 POINTER VALUE IS ACTIVE ONLY IF POINTER IS GENERATED FROM THE 80150 AND NOT FROM 
EXTERNAL SLAVE UNIT 

3 ACTIVE LOW ONLY WHEN POINTER DATA IS BEING SUPPLIED BY THF 801 50 

4 LOW ONLY FOR LOCAL INTERRUPT 



8282/8283 
OCTAL LATCH 



■ Address Latch for iAPX 86, 88, 186, 
188, MCS-80®, MCS-85®, MCS-48® 
Famlies 

■ High Output Drive Capability for 
Driving System Data Bus 

■ Fully Parallel 8-Bit Data Register and 
Buffer 

■ Transparent during Active Strobe 



■ 3-State Outputs 

■ 20-Pin Package with 0.3" Center 

■ No Output Low Noise when Entering 
or Leaving High Impedance State 

. Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



The 8282 and 8283 are 8-bit bipolar latqhes with 3-state output buffers. They can be used to implement latches, buffers, 
or multiplexers. The 8283 inverts 4 the input data at its outputs while the 8282 does not. Thus, all of the principal periph- 
eral and input/output functions of a microcomputer system can be implemented with these devices. 
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Figure 1. Logic Diagrams 



Figure 2. Pin Configurations 
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Table 1. Pin Description 



Pin 


Description 


STB 


© 1 nvoc \iii|jui/. 0 1 d is an input control 

pulse used to strobe data at the data input 
pins (A 0 -A 7 ) into the data latches. This 
signal is active HIGH to admit input data. 
The data is latched at the HIGH to LOW 
transiti6n of STB. 


51 


OUTPUT ENABLE (Input). 51 is an input 
control signal which when active LOW 
enables the contents of the data latches 
onto the data output pin (B 0 -B 7 ). OE being 
inactive HIGH forces the output buffers to 
their high impedance state. 


di 0 -di 7 


DATA INPUT PINS (Input). Data presented 
at these pins satisfying setup time re- 
quirements when STB is strobed and 
latched into the data input latches. 


DO0-DO7 

J8282) 
DO 0 -B5 7 
(8283) 


DATA OUTPUT PINS (Output). When OE is 
true, the data in the data latches is pre- 
sented as inverted (8283) or non-inverted 
(8282) data onto the data output pins. 



FUNCTIONAL DESCRIPTION 



The 8282 and 8283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the setup 
time requirements is latched into the data latches by 
strobing the STB line HIGH to LOW. Holding the STB 
line in its active HIGH state makes the latches appear 
transparent. Data is presented to thedata output pins by 
activating the OE input line. When OE is inactive HIGH 
the output buffers are in their high impedance state. 
Enabling or disabling the output buffers will not cause 
negative-going transients to appear on the data output 
bus. 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias . . .0°C to 70 °C 

Storage Temperature i-65°C to + 150'C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Power Dissipation 1 Watt 



* NOTICE: Stresses above those listed Under ''Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera*- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (v C c = 5V ±10%, t a = o°c to 70°C) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


v c 


Input Clamp Voltage 




-1 


V 


l c = -5 mA 


Ice 


Power Supply Current 




160 


mA 




If 


Forward Input Current 




-0.2 


mA 


V F = 0.45V 


»r 


Reverse Input Current 




50 


tJK 


V R = 5.25V 


Vol 


Output Low Voltage 




.45 


V 


Iql = 32 mA 


V 0 H 


Output High Voltage 


2.4 




, V 


I 0 h - - 5 mA 


•off 


Output Off Current 




±50 


MA 


V 0 ff = 0.45 to 5.25V 


V,L 


Input Low Voltage 




0.8 


V 


V C C = 5.0V See Note 1 


V IH 


input High Voltage 


2.0 




V 


Vqc = 5.0V See Note 1 




Input Capacitance 




12 


PF 


F=1 MHz 

V BIAS =2.5V, V CC =5V 
T A = 25°C 



NOTE: 

1. Output Loading Iql = 32 mA, I 0 h = -5 mA, C L = 300 pF* 



A.C. CHARACTERISTICS (V cc = 5V ±10%, t a = 0°C to 70°C (See Note 2) 

Loading: Outputs— Iql = 32 mA, Iqh = -5 mA > - 300 pF*j 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TIVOV 


Input to Output Delay 
—Inverting 
—Non-Inverting 


5 
5 


22 
30 


ns 
ns 


(See Note 1) 


TSHOV 


STB to Output Delay 
—Inverting 
—Non-Inverting 


10 


40 
45 


ns 
ns 




TEHOZ 


Output Disable Time 


5 


18 


ns 




TELOV 


Output Enable Time 


10 


30 


ns 




TIVSL 


Input to STB Setup Time 


0 




ns 




TSLIX 


Input to STB Hold Time 


25 




ns 




TSHSL 


STB High Time 


15 




ns 




TOLOH 


Input, Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Input, Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTE: t *C.|_ = 200 pF for plastic 8282/8283. 

1. See waveforms and test load circuit on following page. 

2. For Extended Temperature EXPRESS the Preliminary Maximum Values are TIVOV = 25 vs 22, 35 vs 30; 
TSHOV = 45, 55; TEHOZ = 25; TELOV = 50. 



3-564 



AFN-00727E 



inter 



8282/8283 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



• 1.5 TEST POINTS ► 1.5 



A.C. TESTING. INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0" TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND "0." INPUT RISE AND FALL TIMES ARE MEASURED FROM 
0.8V TO 2.0V AND ARE DRIVEN AT 5ns ± 2ns 



OUTPUT TEST LOAD CIRCUITS 



OUTO- 



: 300 pF* 



3-STATE TO Vql 



±Z 300 pF* 



3-STATE TO Vqh 



~Z 300 pF* 



SWITCHING 



*200 pF for plastic 8282/8283. 
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WAVEFORMS 



1 X 

TIVSL 4*TSLIX» 

\ 

cuci J x 



J VOL+.1V ^ 



TEHOZ p- TELOV-*- 
VOH.1V 



NOTE: 1. OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 




Output Delay vs. Capacitance 
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8284A/8284A-1 
CLOCK GENERATOR AND DRIVER FOR 
iAPX 86, 88 PROCESSORS 



■ Generates the System Clock for the 
iAPX 86, 88 Processors: 

5 MHz, 8 MHz with 8284A 
10 MHz with 8284A-1 

■ Uses a Crystal or a TTL Signal for 
Frequency Source 

■ Provides Local READY and Multibus 
READY Synchronization 

■ 18-Pin Package 



■ Single +5V Power Supply 

■ Generates System Reset Output from 
Schmitt Trigger Input 

■ Capable of Clock Synchronization with 
Other 8284As 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



D 








Q 


-PRESET 


ICK 








osc 




READY 



ASYNC 



8284A/8284A-1 Block Diagram 



8284A/8284A-1 Pin 
Configuration 
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Table 1. Pin 



Symbol 


Type 


Name and Function 


aenT, 

AEN2 


I 


Address Enable: AEN is an active LOW 
signal. AEN serves to qualify its respective 
Bus Ready Signal (RDY1 or RDY2). AEN1 
validates RDY1 while AEN2 validates RDY2. 
Two AEN signal inputs are useful in system 
configurations which permit the processor to 
access two Multi-Master System Busses. In 
non Multi-Master configurations the AEN 
signal inputs are tied true (LOW). 


RDY1, 
RDY2 




Bus Ready: (Transfer Complete). RDY is an 
active HIGH signal which is an indication from 
a device located on the system data bus that 
data has been received, or is available. RDY1 
is qualified by AEN1 while RDY2 is qualified 
by AEN2. 


ASYNC 


I 


Ready Synchronization Select: ASYNC is an 
input which defines the synchronization 
mode of the READY logic. When ASYNC is 
low, two stages of READY synchronization 
are provided. When ASYNC is left open 
(internal pull-up resistor is provided) or HIGH 
a single stage of READY synchronization is 
provided. 


READY 


0 


Ready: READY is an active HIGH signal 
which is the synchronized RDY signal input. 
READY is cleared after the guaranteed hold 
time to the processor has been met. 


X1,X2 


I 


Crystal in: X1 and X2 are the pins to which a 
crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency. 


F/C 


I 


Frequency/Crystal Select: F/C is a strapping 
option. When strapped LOW, F/C permits the 
processor's clock to be generated by the crys- 
tal. When F/C is strapped HIGH, CLK is gener- 
ated from the EFI input. 


EFI 


I 


External Frequency: When F/C is strapped 
HIGH, CLK is generated from the input fre- 
quency appearing on this pin. The input 
signal is a square wave 3 times the frequency 
of the desired CLK output. 



FUNCTIONAL DESCRIPTION 
General 

The 8284A is a single chip clock generator/driver for the 
iAPX 86, 88 processors. The chip contains a crystal- 
controlled oscillator, a divide-by-three counter, com- 
plete MULTIBUS™ "Ready" synchronization and reset 
logic. Refer to Figure 1 for Block Diagram and Figure 2 
for Pin Configuration. 

Oscillator 

The oscillator circuit of the 8284A is designed primarily 
for use with an external series resonant, fundamental 
mode, crystal from which the basic operating frequency 
is derived. 



Description 



Symbol 


Type 


Name and Function 


CLK 


0 


Processor Clock: CLK is the clock output 
used by the processor and all devices which 
directly connect to the processor's local bus 
(i.e., the bipolar support chips and other MOS 
devices). CLK has an output frequency which 
is 1 /3 of the crystal or EFI input frequency and a 
Va duty cycle. An output HIGH of 4.5 volts 
(V C c= 5V) is provided on this pin to drive MOS 
devices. 


PCLK 


0 


Peripheral Clock: PCLK is a TTL level pe- 
ripheral clock signal whose output frequency 
is Vz that of CLK and has a 50% duty cycle. 


OSC 


0 


Oscillator Output: OSC is the TTL level out- 
put of the internal oscillator circuitry. Its fre- 
quency is equal to that of the crystal. 


RES 




Reset In: RES is an active LOW signal which 
is used to generate RESET. The 8284A 
provides a Schmitt trigger input so that an RC 
connection can be used to establish the 
power-up reset of proper duration. 


RESET 


0 


Reset: RESET is an active HIGH signal which 
is used to reset the 8086 family processors. Its 
timing characteristics are determined by 
RES. 


CSYNC 


I 


Clock Synchronization: CSYNC is an active 
HIGH signal which allows multiple 8284As to 
be synchronized to provide clocks that are in 
phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW 
the internal counters are allowed to resume 
counting. CSYNC needs to be externally syn- 
chronized to EFI. When using the internal os- 
cillator CSYNC should be hardwired to 
ground. 


GND 




Ground. 


, V cc 




Power: +5V supply. 



The crystal frequency should be selected at three times 
the required CPU clock. X1 and X2 are the two crystal 
input crystal connections. For the most stable operation 
of the oscillator (OSC) output circuit, two series resistors 
(R-i = R 2 = 510 SI) as shown in the waveform figures are 
recommended. The output of the oscillator is buffered and 
brought out on OSC so that other system timing signals 
can be derived from this stable, crystal-controlled source. 

For systems which have a Vcc ramp time 1 V/ms and/or 
have inherent board capacitance between X1 or X2, ex- 
ceeding 10 pF (not including 8284A pin capacitance), the 
two 510ft resistors should be used. This circuit provides 
optimum stability for the oscillator in such extreme condi- 
tions. It is advisable to limit stray capacitances to less than 
10 pF on X1 and X2 to minimize deviation from operating 
at the fundamental frequency. 
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Clock Generator 

The clock generator consists of a synchronous divide- 
by-three counter with a special clear input that inhibits 
the counting. This clear input (CSYNC) allows the out- 
put clock to be synchronized with an external event 
(such as another 8284 A clock). It is necessary to syn- 
chronize the CSYNC input to the EFI clock external to 
the 8284A. This is accomplished with two Schotfky flip- 
flops. The counter output is a 33% duty cycle clock at 
one-third the input frequency. 

The F/C input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the clock for the +3 
counter. If the EFI input is selected as the clock source, 
the oscillator section can be used independently for 
another clock source. Output is taken from OSC. 

Clock Outputs 

The CLK output is a 33% duty cycle MOS clocjc driver 
designed to drive the iAPX 86, 88 processors directly. 
PCLK is a TTL level peripheral clock signal whose out- 
put frequency is V2 that of CLK. PCLK has a 50% duty 
cycle. 

Reset Logic 

The reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset 
timing. The reset signal is synchronized to the falling 
edge of CLK. A simple RC network can be used to 
provide power-on reset by utilizing this function of the 
8284A. 



READY Synchronization 

Two READY inputs (RDY1, RDY2) are provided to accom- 
modate two M ulti-M aster syste m busses. Each i nput 
has a qualifier (AEN1 and AEN2, respectively). The AEN 
signals validate their respective. RDY signals. If a Multi- 



Master system is not being used the AEN, pin should be 
tied LOW. 

Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the 
RDY setup and hold times are met. Inactive-going edges 
of RDY in normally ready systems do not require syn- 
chronization but must satisfy RDY setup and hold as a 
matter of proper system design. % 



The ASYNC input defines two modes of READY syn- 
chronization operation. 



When ASYNC is LOW, two stages of synchronization 
are provided for active READY input signals. Positive- 
going asynchronous READY inputs will first be syn- 
chronized to flip-flop one at the rising edge of CLK 
and then synchronized to flip-flop two at the next falling 
edge of CLK, after which time the READY output will go 
active. (HIGH). Negative-going asynchronous READY in- 
puts will be synchronized directly to flip-flop two at the 
falling edge of CLK, after which time the READY output 
will go inactive/This mode of operation is intended for use 
by asynchronous (normally not ready) devices in the sys- 
tem which cannot be guaranteed by design \o meet the 
required RDY setup timing, Tr-ivcl. ° n each bus cycle. 



When ASYNC is high or left open, the first READY flip- 
flop is bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on the 
falling edge of CLK before they are presented to the 
processor. This mode is available for synchronous 
devices that can be guaranteed to meet the required 
RDY setup time. 



ASYNC Gan be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in 
the system. 



CLOCK . 
SYNCHRONIZE *~ 




- (TO OTHER 8284AS) 



Figure 3. CSYNC Synchronization 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70 °C 

Storage Temperature -65°Cto +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages - i.OV to + 5.5V 

Power Dissipation 1 Watt 

D.C. CHARACTERISTICS (T A =o°C to 70°C, v cc =5V± 10%) 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


If 


Forward Input Current (ASYNC) 
Other Inputs 




, -1.3 
-0.5 


mA 
mA 


V F = 0.45 V 
V F = 0.45 V 




Reverse Input Current (ASYNC) 
Other Inputs 




50 
50 


mA 

ma 


Vr=V cc 
Vr= 5.25 V 


V C 


Input Forward Clamp Voltage 




-1.0 


V 


l c = -5mA 


Ice 


Power Supply Current 




162 


mA 




V,l 


Input LOW Voltage 




0.8 


V 




V IH 


Input HIGH Voltage 


2.0 




V 




VlHR 


Reset Input HIGH Voltage 


. 2.6 




V 




Vol 


Output LOW Voltage 




0.45 


V 


5 mA 


Voh 


Output HIGH Voltage CLK 
Other Outputs 


4 

2.4 




V 
V 


-1mA 
-1mA . 


V»hr-V ILr 


RES Input Hysteresis 


0.25 




V 





A.C. CHARACTERISTICS (T A = o°C to 70 °C, v cc = 5V± 10%) 
TIMING REQUIREMENTS 



Symbol 


Parameter \ 


Min. 


Max. 


Units 


Test Conditions 


*EHEL 


External Frequency HIGH Time 


13 




ns 


90% -90% V, N 


tELEH 


External Frequency LOW Time 


13 




ns 


10% -10% V IN 


*ELEL 


EFI Period 


33 




ns 


(Note 1) 




XTAL Frequency 


12 


25 


MHz 




*R1VCL 


RDY1» RDY2 Active Setup to CLK 


35 




ns 


ASYNC = HIGH 


tRIVCH 


RDY1, RDY2 Active Setup to CLK 


35 




ns 


ASYNC = LOW 


tRIVCL 


RDY1, RDY2 Inactive Setup to CLK 


35 




ns 




tdR1X 


RDY1, RDY2 Hold to CLK 


0 




ns 




Uyvcl 


ASYNC Setup to CLK 


50 




ns 




tCLAYX 


ASYNC Hold to CLK 


0 




ns 




UlVRIV 


AERT, AEN2 Setup to RdY1, RDY2 


15 




ns „ 




tCLA1X 


AEN1, AEN2 Hold to CLK 


0 




ns 




tYHEH 


CSYNC Setup to EFI 


20 




n i 




tEHYL 


CSYNC Hold to EFI 


10 




ns 




*YHYL 


CSYNC Width 


2-t ELEL 




ns 




t|1HCL 


RE§ Setup to CLK 


65 




ns 


(Note 1) 


tCLMH 


RES Hold to CLK 


20 




ns 


(Notel) 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


Mln. 8284A 


Min. 8284A-1 


Max. 


Units 


Test Conditions 


*CLCL 


CLK Cycle Period 


125 


100 




ns 




*CHCL 


CLK HIGH Time 


( 1 /3t CLC L)+2 


39 




ns 




tcLCH 


CLK LOW Time 


(%t CL CL)-15 


53 




ns 




*CH1CH2 
tcL2CL1 


CLK Rise or Fall Time 






10 


ns 


1.0V to 3.5V 


tpHPL 


PCLK HIGH Time 


tCLCL-20 


tcLCL-20 




ns 




tpLPH 


PCLK LOW Time 


tci.CL-20 


tCLCL-20 




ns 




tRYLCL 


Ready Inactive to CLK (See Note 3) 


-8 


-8 




ns 




*RYHCH 


Ready Active to CLK (See Note 2) 


(%t CL CL)-15 


53 




ns 




tcLIL 


CLK to Reset Delay 






40 


ns 




*CLPH 


CLK to PCLK HIGH DELAY 






22 


ns 




*CLPL 


CLK to PCLK LOW Delay 






22 


ns 




toLCH 


OSC to CLK HIGH Delay 


-5 


-5 


22 


ns 




tOLCL 


OSC to CLK LOW Delay 


2 


2 


35 


ns 




toLOH 


Output Rise Time (except CLK) 






20 


ns 


From 0.8V to 2.0V 


*OHOL 


Output Fall Time (except CLK) 






12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Setup and hold necessary only to guarantee recognition at next clock. 

2. Applies only to T3 and TW states. 

3. Applies only to T2 states. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 




A C. TESTING. INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC "1" AND 0 45V 
FOR A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR 
BOTH A LOGIC "1" AND "0." INPUT RISE AND FALL TIMES (MEASURED 
BETWEEN 0.8V AND 2 0V) ARE5 ±2 NS. 





1 


— V L = 2.08V 






> Rl — 325ft 




DEVICE 
UNDER 
TEST 










C L = 100pF FOR CLK 
C L = 30pF FOR READY 
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WAVEFORMS 



CLOCKS AND RESET SIGNALS 

*OLCH-»-| U*h- ■ 




NOTE: ALL TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED. 



READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 



tCLRtX 
tRIVCH— 



I 



1 



td.A1X 
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WAVEFORMS (Continued) 



READY SIGNALS (FOR SYNCHRONOUS DEVICES) 



AEN1.2 



=1 



-tRYHCH- 





t r 1 


f 




tRWCL 






tCLRIX 






f 




tCLA1X 




tCLAYX 






\ 




tRYLCL— 





24 MHz ED 



"1 < R 2 



X1 
X2 
F/C" 

CSYNC 



CLK 



LOAD 
(SEE NOTE 1) 



R 1 = R 2 = 510ft. 



Clock High and Low Time (Using X1, X2) 



PULSE 




EFI CLK 




LOAD 


GENERATOR 






(SEE NOTE 1) 




v C c 

| 


F/C 














CSYNC 






1 





Clock High and Low Time (Using EFI) 
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Vcc 

L 



24 MHz CZ) 



PULSE 
GENERATOR 
TRIGGER 



SERT CLK 
X1 



READY 



X2 



RDY2 OSC 

F/C 

AEN2 

CSYNC 



LOAD 
(SEE NOTE 1) 



LOAD 
(SEE NOTE 2) 



R 1 = R 2 = 51 Of!. 



Ready to Clock (Using X1, X2) 



PULSE 
GENERATOR 




EFI CLK 

F/C 
AlNl 
RDY2 
SEN2 

CSYNC READY 




LOAD 
(SEE NOTE D 




Vcc 












TRIGGER 
PULSE 
GENERATOR 








LOAD 
(SEE NOTE 2) 









notes* i Ready to Clock (Using EFI) 

1 C L = 100 pF 

2 C L = 30pF 
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8286/8287 
OCTAL BUS TRANSCEIVER 



■ Data Bus Buffer Driver for iAPX 
86,88,186,188, MCS-80™, MCS-85™, 
and MCS-48™ Families 

■ High Output Drive Capability for 
Driving System Data Bus 

■ Fully Parallel 8-Bit Transceivers 

■ 3-State Outputs 



■ 20-Pin Package with 0.3" Center 



■ No Output Low Noise when Entering 
or Leaving High Impedance State 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 



EJ-tT 
E3-I" 
Eh-!"' 



4 



'r-S 

H r-H 



E3-I" 
E3-J" 

e-i" 

EhJ' 



CD 



4 



"TrH 

""r-S 

~i-m 

"T-E3 



AoC 


1 


20 


□ v C c 


AoC 


1 


20 


□ v C c 


Aid 


2 


19 


□ B 0 


AlC 


2 


19 


□ Bo 


A2C 


3 


18 


□ B 1 


A 2 C 


3 


18 


□ Bl 


A3C 


4 


17 


□ B 2 


A3C 


4 


17 


□ *2 


A 4 C 


5 

8286 

6 


16 


□ B 3 


A 4 C 


5 

8287 

6 


16 


□ Bl 


A5C 


15 


□ B 4 


A 5 [I 


15 


□ Bl 


a 6 [I 




14 


□ B 5 


AeC 




14 


□ "5 


A 7 C 


8 


13 


□ b 6 


A7C 


8 


13 


□ Be 


old 


9 


12 


□ B 7 


oeC 


9 


12 


□ B7 


gndC 


10 


11 


□ t 


gndC 


10 


11 


□ T 



Figure 1. Logic Diagrams 



Figure 2. Pin Configurations 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


T 


I 


Transmit: T is an input control signal used to control the direction of the transceivers. When HIGH, 
it configures the transceiver's B0-B7 as outputs with A0-A7 as inputs. T LOW configures A0-A7 as 
the outputs with B 0 -B 7 serving as the inputs. 


OE 




Output Enable: OE is an input control signal used to enable the appropriate output driver (as 
selected by T) onto its respective bus. This signal is active LOW. 


A0-A7 


I/O 


Local Bus Data Pins: These pins serve to either present data to or accept data from the processor's 
local bus depending upon the state of the T pin. 


B 0 -B 7 (8286) 
6J-B 7 (8287) 


I/O 


System Bus Data Pins: These pins serve to either present data to or accept data from the system 
bus depending upon the state of the T pin. 



FUNCTIONAL DESCRIPTION 

The 8286 and 8287 transceivers are 8-bit transceivers with 
high impedance outputs. With T active HIGH and OE ac- 
tive LOW, data at the A0-A7 pins is driven onto the B 0 -B 7 
pins. With T inactive LOW and OE active LOW, data at the 



B 0 -B 7 pins is driven onto the Aq-A 7 pins. No output low 
glitching will occur whenever the transceivers are enter- 
ing or leaving the high impedance state. 
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TEST LOAD CIRCUITS 



~z 300 pF* 

3-STATE TO V()L 

B OUTPUT 



300 pF* 
3-STATE TO Voh 

B OUTPUT 



5p100pF 



3-STATE TO Vql 



A OUTPUT 



7jZ 100 pF 
3-STATE TO VoH 

A OUTPUT 



300 pF* 



B OUTPUT 



A OUTPUT 



*200 pF for plastic 8286/8287 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°C to 70 °C 

Storage Temperature -65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V / 

Power Dissipation 1 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (v cc = +5V ±10%, t a = o°c to 7o°C) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


v c 


Input Clamp Voltage 




-1 


V 


lc = -5 mA 


Ice 


Power Supply Current— 8287 
-8286 




130 
160 


mA 
mA 




If 


Forward Input Current 




-0.2 


mA 


V F = 0.45V 


Ir 


Reverse Input Current 




50 




V R = 5.25V 


Vol 


Output Low Voltage — B Outputs 
—A Outputs 




.45 
.45 


V 
V 


lOL = 32 mA 
Iol = 16 mA 


Voh 


Output High Voltage — B Outputs 
—A Outputs 


2.4 
2.4 




- V 
V 


l 0H = -5 mA 
l 0H = -1 mA 


'off 
'off 


Output Off Current 
Output Off Current 




'f 
'r 




V OF f = 0:45V 
Vqp^ 5.25V 


V,L 


Input Low Voltage —A Side 
-BSide 




0.8 
0.9 


V 
V 


V cc = 5.0V, See Notel 
V cc = 5.0V, See Notel 


V, H 


Input High Voltage 


2.0 




V 


V cc = 5.0V, See Notel 




Input Capacitance 




12 


pF 


F=1 MHz 

Vbias = 2.5V, V CC = 5V 
T A =25°C 



NOTE: 

1. B Outputs— Iql = 32 mA, I 0 h = mA, C L = 300 pP: A Outputs— Iql = 16 mA, Iqh = -1 ™A, Cl = 100 pF. 



A.C. CHARACTERISTICS (V cc = +5V ±10%, T A = 0°C to 70°C) (See Note 2) 

Loading: B Outputs— I 0 l = 32 mA, I 0 h = -5 mA, C L = 300 pP 
A Outputs— Iql = 16 mA, Iqh = ~1 mA, C L = 100 pF 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


TIVOV 


Input to Output Delay 
Inverting 
Non-lnvertinq 


5 
5 


CM O 
CM CO 


ns 
ns 


(See Note 1) 


TEHTV 


Transmit/Receive Hold Time 


5 




ns 


TTVEL 


Transmit/Receive Setup 


10 




ns 


TEHOZ 


Output Disable Time 


5 


18 


ns 


TELOV 


Output Enable Time 


10 


30 


ns 


TOLOH I 


Input, Output Rise Time 




20 


ns 


From 0.8 V to 2.0V 


TOHOL 


Input, Output Fall Time 




12 


ns 


From 2.0V to 8.0V 



*C L = 200 pF for plastic 8286/8287 

NOTE: . ^ 

1. See waveforms and test load circuit on following page. 

2. For Extended Temperature EXPRESS the Preliminary Maximum Values are TIVOV = 25 vs 22, 35 vs 30; 
TEHOZ = 25; TELOV = 50. 
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Output Delay versus Capacitance 
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BUS CONTROLLER 
FOR iAPX 86, 88 PROCESSORS 



■ Bipolar Drive Capability 

■ Provides Advanced Commands 

■ Provides Wide Flexibility in System 
Configurations 

■ 3-State Command Output Drivers 



The Intel® 8288 Bus Controller is a 20-pin bipolar component for use with medium-to-large iAPX 86, 88 processing 
systems. The bus controller provides command and control timing generation as well as bipolar bus drive capability while 
optimizing system performance. 

A strapping option on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 



■ Configurable for Use with an I/O Bus 

■ Facilitates Interface to One or Two 
Multi-Master Busses 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



8086 
STATUS 



INPUT 



So " 

37- 

S 2 - 



CLK- 
CONTROL I AEN- 



CEN- 
IOB- 



STATUS 
DECODER 



CONTROL 
LOGIC 



COM- 
MAND 
SIGNAL 
GENER- 
ATOR 



CONTROL 
SIGNAL 
GENER- 
ATOR 



- MRDC 
' MWTC 

- AMWC 

- IORC 

• iowc 

► AIOWC 

► INTA 



MULTIBUS 
COMMAND 
SIGNALS 



► DT/R 

► DEN 

► MCE/PDEN 

► ALE 



ADDRESS LATCH, DATA 
TRANSCEIVER, AND 
INTERRUPT CONTROL 
SIGNALS 




Figure 1. Block Diagram 



Figure 2. 
Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


V C c 




Power: +5V supply. 


GND 




Ground. 


So, Si, S 2 


I 


Status Input Pins: These pins are the 
status input pins from the 8086, 8088 or 
8089 processors. The 8288 decodes these 
inputs to generate command and control 
signals at the appropriate time. When 
these pins are not in use (passive) they are 
all HIGH. (See chart under Command and 
Control Logic.) 


CLK 


I 


Clock: This is a clock signal from the 
8284 clock generator and serves to estab- 
lish when command and control signals 
are generated. 


ALE 


0 


Address Latch Enable: This signal 
serves to strobe an address into the 
address latches. This signal is active HIGH 
and latching occurs on the falling (HIGH 
to LOW) transition. ALE is intended for 
use with transparent D type latches. 


DEN 


0 


Data Enable: This signal serves to en- 
able data transceivers onto either the 
local or system data bus. This signal is 
active HIGH. 


DT/R 


0 


Data Transmit/Receive: This signal es- 
tablishes the direction of data flow 
through the transceivers. A HIGH on this 
line indicates Transmit (write to I/O or 
memory) and a LOW indicates Receive 
(Read). 


AEN 


I 


Address Enable : AEN enables command 
outputs of the 8288 Bus Controller at least 
1 1 5 ns after it becomes active (LOW). AEN 
going inactive immediately 3-states the 
command output drivers. AEN does not 
affect the I/O command lines if the 8288 is 
in the I/O Bus mode (IOB tied HIGH). 


CEN 




Command Enable: When this signal is 
LOW all 8288 command outputs and the 
DEN and PDEN control outputs are forced 
to their inactive state. When this signal is 
HIGH, these same outputs are enabled. 


IOB 


I 


Input/Output Bus Mode: When the IOB is 
strapped HIGH the 8288 functions in the 
I/O Bus mode. When it is strapped LOW, 
the 8288 functions in the System Bus 
mode. (See sections on I/O Bus and Sys- 
tem Bus modes). 



Symbol 


Type 


Name and Function 


AIOWC 


0 


Advanced I/O Write Command: The 

AIOWC issues an I/O Write Command 
earlier in the machine cycle to give I/O 
devices an early indication of a write in- 
struction. Its timing is the same as a read 
command signal. AIOWC is active LOW. 


lowc 


0 


I/O Write Command: This command line 
instructs an I/O device to read the data on 
the data bus. This signal is active LOW. 


IORC 


0 


I/O Read Command: This command line 
instructs an I/O device to drive its data 
onto the data bus. This signal is active 
LOW. 


AMWC 


* 0 


Advanced Memory Write Com- 
mand: The AMWC issues a memory write 
command earlier in the machine cycle to 
give memory devices an early indication 
of a write instruction. Its timing is the 
same as a read command signal. AMWC is 
active LOW. 


MWTC 


0 


Memory Write Command: This com- 
mand line instructs the memory to record 
the data present on the data bus. This 
signal is active LOW. 


MRDC 


0 


Memory Read Command: This com- 
mand line instructs the memory to drive 
its data onto the data bus. This signal is 
active LOW. 


Tnta 


0 


Interrupt Acknowledge: This command 
line tells an interrupting device that its 
interrupt has been acknowledged and 
that it should drive vectoring information 
onto the data bus. This signal is active 
LOW. 


MCE/PDEN 


0 


This is a dual function pin. 
MCE (IOB Is tied LOW): Master Cascade 
Enable occurs during an interrupt se- 
quence and serves to read a Cascade 
Address from a master PIC (Priority Inter- 
rupt Controller) onto the data bus. The 
MCE signal is active HIGH. 
PDEN (IOB is tied HIGH): Peripheral 
Data Enable enables the data bus trans- 
ceiver for the I/O bus that DEN performs 
for the system bus. PDEN is active LOW. 
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FUNCTIONAL DESCRIPTION 
Command and Control Logic 

The command logic_decodes the three 8086, 8088 or 8089 
CPU status lines (S 0? Si, S2) to determine what command 
is to be issued. 

This chart shows the meaning of each status "word". 



S2 S-j Sq 


Processor State 


8288 Command 


0 0 0 


Interrupt Acknowledge 


INTA 
IORC 


0 (0 1 


Read I/O Port 


0 1 0 


Write f/O Port 


IOWC.AIOWC 

None 

MRDC 


0 1 1 


Halt 


1 0 0 


Code Access 


1 0 1 


Read Memory 


MRDC 


1 1 0 


Write Memory \ 


MWTC;AMWC 
None 


1 1 1 


Passive 



The command is issued in one of two ways dependent 
on the mode of the 8288 Bus Controller. 
I/O Bus Mode — The 8288 is in the I/O Bus mode if the 
IOB pin is strap ped H I GH. In the I/O Bus m ode ail I/O 
command lines (IORC, IOWC, AIOWC, INTA) are always 
enabled (i.e., not dependent on AEN). When an I/O com- 
mand is initiated by the processor, th e 8288 immediately 
activates the command lines using PDEN and DT/R to 
control the I/O bus transceiver. The I/O command lines 
should not be used to control the system bus in this 
configuration because no arbitration is present. This 
mode allows one 8288 Bus Controller to handle two ex- 
ternal busses. No waiting is involved when the CPU 
wants to gain access to the I/O bus. Norm al memory ac- 
cess requires.a "Bus Ready" signal (AEN LOW) before it 
will proceed. It is advantageous to use the IOB mode if 
I/O or peripherals dedicated to one processor exist in a 
multi-processor system. 

System Bus Mode — The 8288 is in the System Bus mode 
if the IOB pin is strapped LOW. In this m ode no command 
is issued until 115 ns after the AEN Line is activated 
(LOW). This mode assumes b us arb itration logic will in- 
form the bus controller (on the AEN line) when the bus is 
free for use. Both memory and I/O commands wait for bus 
arbitration. This mode is used when only one bus exists. 
Here, both I/O and memory are shared by more than one 
processor. 

COMMAND OUTPUTS 

The advanced write commands are made available to in- 
itiate write procedures early in the machine cycle. This 
signal can be used to prevent the processor from enter- 
ing an unnecessary wait state. 

The command outputs are: 

MRDC — Memory Read Command 

MWTC — Memory Write Command 

IORC — I/O Read Command 

IOWC — I/O Write Command 

AMWC — Advanced Memory Write Command 

AIOW C — Advanced I/O Write Command 

INTA — Interrupt Acknowledge 



INTA (Interrupt Acknowledge) acts as an I/O read during 
an interrupt cycle. Its purpose is to inform an inter- 
rupting device that its interrupt is being acknowledged 
and that it should place vectoring information onto the 
data bus. 



CONTROL OUTPUTS , 

The control outputs of the 8288 are Data Enable (DEN), 
Data Transmit/Receive (DT/R) and Maste r Cascade 
Enable/Peripheral Data Enable (MCE/PDEN). The DEN 
signal determines when* the external_bus should be 
enabled onto the local bus and the DT/R determines the 
direction of data transfer. These two signals usually go 
to the chip select and direction pins of a transceiver. 

The MCE/PDEN pin changes function with the two 
modes of the 8 288. W hen the 8288 is in the IOB mode 
(IOB HIGH) the PDEN signal serves as a dedicated data 
enable signal for the I/O or Peripheral System bus. 



INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowl- 
edge cycle if the 8288 is in the System Bus mode (IOB 
LOW). During any interrupt sequence there are two inter- 
rupt acknowledge cycles that occur back to back. Dur- 
ing the first interrupt cycle no data or address transfers 
take place. Logic should be provided to mask off MCE 
during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Con- 
troller's (PIC) cascade address onto the processor's 
local bus where ALE (Address Latch Enable) strobes it 
into the address latches. On the leading edge of the 
second interrupt cycle the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is 
read by the processor. 

If the system contains only one PIC, the MCE signal is 
not used. In this case thesecond Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 



ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
address latches. ALE also serves to strobe the status (5^, 
S-,, S2) into a latch for halt state decoding. 



COMMAND ENABLE 

The Command Enable (CEN) input acts as a command 
qualifier for the 8288. If the* CEN pin is high the 8288 
functions normally. If the CEN p)in is pulled LOW, all 
command lines are held in their inactive state (not 
3-state). This feature can be used to implement memory 
partitioning and to eliminate address conflicts between 
system bus devices and resident bus devices. 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°C to 70°C 

Storage Tern peratu re - 65°C to + 1 50°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Power Dissipation 1.5 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (V cc = 5V ± 10%, t a = o°c to 70°C) 



Symbol 


Parameter 


Mln. 


Max. 


Unit 


Test Conditions 


Vc 


Input Clamp Voltage 




-1 


V 


lc = ~5 mA 


•cc 


Power Supply Current 




230 


mA 




»F 


Forward Input Current 




-0.7 


mA 


V F = 0.45V 


Ir 


Reverse Input Current 




50 


fiA 


V R = V CC 


Vol 


Output Low Voltage 
Command Outputs 
Control Outputs 




0.5 
0.5 


V 
V 


Iql = 32 mA 
l 0 L=16mA 


V 0H 


Output High Voltage 
Command Outputs 
Control Outputs 


2.4 
2.4 




V 
V 


•oh = ~5 mA 
Ioh = -1 mA 


V, L 


Input Low Voltage 




0.8 


V 




V, H 


Input High Voltage 


2.0 




V 




'off 


Output Off Current 




100 




Vqff = 0.4 to 5.25V 



A.C. CHARACTERISTICS (V cc = 5V ± 10%, t a = o°c to 70°o* 
TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


TCLCL 


CLK Cycle Period 


100 




ns 




TCLCH 


CLK Low Time 


50 




ns 




TCHCL 


CLK High Time 


30 




ns 




TSVCH 


Status Active Setup Time 


35 




ns 




TCHSV 


Status Inactive Hold Time 


10 




ns 




TSHCL 


Status Inactive Setup Time 


35 




ns 




TCLSH 


Status Active Hold Time 


10 




ns 





* Note: For Extended Temperature EXPRESS the Preliminary Values are TCLCL = 125; TCLCH = 50; TCHCL = 30; 
TCVNX = 50; TCLLH, TCLMCH = 25; TSVLH, TSVMCH = 25. 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


Mm. 


Max. 


Unit 


Test Conditions 


TCVNV 


Control Active Delay 


5 


45 


ns 






TCVNX 


Control Inactive Delay 


10 


45 


ns 






TCLLH, 
TCLMCH 


ALE MCE Active Delay (from CLK) 




20 


ns 






TSVLH, 
TSVMCH 


ALE MCE Active Delav ffrom 

/» L. I_ IVIvL> UVC l^wlGiy \ * Will 

Status) 




20 


ns 






TCHLL 


ALE Inactive Delay 


4 


15 


ns 


MRDC 




TCLML 


Command Active Delay 


10 


35 


ns 


IORC 




TCLMH 


Command Inactive Delay 


10 


35 


ns 


MWTC 


Iol = 32 mA 


TCHDTL 


Direction Control Active Delay 




50 


ns , 


IOWC 


► >oh = -5 mA 


TCHDTH 


Direction Control Inactive Delay 




30 


ns 


iNTA 


C L = 300 pF 


TAELCH 


Command Enable Time 




40 


ns 


AMWC 




TAEHCZ 


Command Disable Time 




40 


ns 


AR5WC 




TAELCV 


Enable Delay Time 


115 


200 


ns 




Iol = 16 mA 


TAEVNV 


AEN to DEN 




20 


ns 


Other 


l 0H = -1 mA 


TCEVNV 


CEN to DEN, PDEN 




25 


ns 




C L - 80 pF 


TCELRH 


CEN to Command 




TCLML 


ns 






TOLOH 


Output, Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output, Fall Time 




12 


ns 


From 2.0V to 0.8V 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



- TEST POINTS - 



A C TESTING- INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0 45V 
FOR A LOGIC "0" THE CLOCK IS DRIVEN AT 4 3V AND 0 25V TIMING 
MEASUREMENTS ARE MADE AT 1 5V FOR BOTH A LOGIC "1" AND "0." 
INPUT RISE AND FALL TIMES ARE 5±2 NS , MEASURED BETWEEN 0 8V 
AND 2 0V 



TEST LOAD CIRCUITS— 3-STATE COMMAND OUTPUT TEST LOAD 



3-STATE TO HIGH 



3-STATE TO LOW 



COMMAND OUTPUT 
TEST LOAD 



CONTROL OUTPUT 
TEST LOAD 
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WAVEFORMS 



TCHSV- 

1,0 



§2, Si, §o 



ADDRESS/OATA 



MR DC, IORC, INTA 
AMWC, AIOWC 



N (READ) 
(INTA) 



■j-j(READ) 
(INTA) 



PDEN (WRITE) 



DT/R (READ) 
(INTA) 



J 



TSVCH 

3* 



X 



ADDR 
VALID 



\ 



TSHCL 
2 



1 



/ 



/ 



\ 



to *6 k& 



J\ 



-*1 i*-TSVMCH 



1 ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES 

2 LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST 

3 ALL TIMING MEASUREMENTS ARE MADE AT 1 SV UNLESS SPECIFIED OTHERWISE 
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WAVEFORMS (Continued) 



DEN, PDEN QUALIFICATION TIMING 



) 


( 






> 


( 






- TAEVI* 


V «- 






) 




( 




TCEVNV » 





X 



ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 



^ ^.5V 



OUTPUT 
COMMAND" 




J 



0 5V 

__L VOH 



TCELRH- 

NOTE: CEN must be low or valid prior to T2 to prevent the command from being generated. 



3-586 



AFN-01504C 



inter 



8289/8289-1 
BUS ARBITER 

■ Four Operating Modes for Flexible 
System Configuration 

■ Compatible with Intel Bus Standard 
MULTIBUS™ 

■ Provides System Bus Arbitration for 
8089 IOP in Remote Mode 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 

The Intel 8289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large iAPX 86, 88 multi- 
master/multiprocessing systems. The 8289 provides system bus arbitration for systems with multiple bus masters, such as 
an 8086 CPU with 8089 IOP in its REMOTE mode, while providing bipolar buffering and drive capability. 



■ Provides Multi-Master System Bus 
Protocol 

■ Synchronizes IAPX 86, 88 Processors 
with Multi-Master Bus 

■ 10MHz Version, 8289-1, Fully Compatible 
with 10MHz iAPX 86 or 8MHz iAPX 186 
Based Systems 

■ Provides Simple Interface with 8288 
Bus Controller 



PROCESSOR 
CONTROL 



Si- 
3"i- 



LOCK " 
CLK - 
CRQLCK - 
RESB - 
ANYRQST - 
IOB - 



ARBITRATION \|— — 7/ ■* INIT 

' BCLK 

- BREQ 

' BPRN 

- BPRO 

CBRQ 



STATE 
GENERATOR 

3T 



MULTIBUS 
INTERFACE 



MULTIBUS™ 

COMMAND 

SIGNALS 



LOCAL 
BUS 
INTERFACE 



- AEN ) 

I SYSTEM 
I SIGNALS 

- SYSB/RISB I 



Figure 1. Block Diagram 



§2 C 
iobC 
sysb/r1sb c 
resbC 

BCTRC 
INIT C 

breqT 
SproT 
bprnT 
gndC 



18 

8289 17 

5 BUS 16 
ARBITER 

6 15 

14 



IJVCC 

□ so 

□ CLK 

□ COCK - 

□ CRQLCK 

□ ANYRQST 

Dais 
UcbSg" 

□ ffUSY 



PROCESSOR 
STATUS 



CONTROU 
STRAPPING 
OPTIONS 



V C C 





SO 


- — inTF 






SI 


- — BCLK 






S2 

LOCK 


— -BREQ 
- — BPRN 
— *• BPRO 


MULTIBUS 
INTERFACE 




CLK 8289 
CRQLCK 


— - BUSY 

usm 






RESB 








ANYRQST 


■*— SYSB/fifSB \ SYSTEM 




lOl 


— - AlN 


/ SIGNALS 



Figure 2. Pin Diagram 



Figure 3. Functional Pinout 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


V CC 




Power: +5V supply ±10%. 


GNO 




Ground. 


S0,S1,S2 


I 


Status Input Pins: The status input pins 
from an 8086, 8088 or 8089 processor. The 
8289 decodes these pins to initiate bus re- 
quest and surrender actions. (See Table 2.) 


CLK 


I 


Clock: From the 8284 clock chip and 
serves to establish when bus arbiter ac- 
tions are initiated. 


LOCK 


I 


Lock: A processor generated signal which 
when activated (low) prevents the arbiter 
from surrendering the multi-master system 
bus to any other bus artiter, regardless of 
its priority. 


OnULOrv 


I 


Common Request Lock: An active low 
signal which prevents the'arbiter f rom sur- 
rendering the multi-master system bus to 
any other bus arbiter requesting the bus 
through the CBRQ input pin. 


RESB 


I 


Resident Bus: A strapping option to con- 
figure the arbiter to operate in systems hav- 
ing both a multi-master system bus and a 
Resident Bus. Strapped high, the multi- 
master system bus is requested or surren- 
dered as a function of the SYSB/RESB 
input pin. Strapped low, the SYSB/RESB 
input is ignored. 


ANYRQST 




Any Request: A strapping option which 
permits the multi-master system bus to be 
surrendered to a lower priority arbiter as if 
it were an arbiter of higher priority (i.e., 
when a lower priority arbiter requests the 
use of the multi-master system bus, the bus 
is surrendered as soon as it is possible). 
When ANYRQST is strapped low, the bus is 
surrendered according to Table 2. If ANY- 
RQST is strapped high and CBRQ is ac- 
tivated, the bus is surrendered at the end of 
the present bus cycle. Strapping CBRQ low 
and ANYRQST high forces the 8289 arbiter 
to surrender the multi-master system bus 
after each transfer cycle. Note that when 
surrender occurs BREQ is driven false 
(high). 


IOB 


I 


10 Bus: A strapping option which confi- 
gures the 8289 Arbiter to operate in sys- 
tems having both an 10 Bus (Peripheral 
Bus) and a multi-master system bus. The 
arbiter requests and surrenders the use of 
the multi-master system bus as a function 
of the status line, §2. The multi-master sys- 
tem bus is permitted to be surrendered 
while the processor is performing 10 com- 
mands and is requested whenever the pro- 
cessor performs a memory command. 
Interrupt cycles are assumed as coming 
from the peripheral bus and are treated as 
an 10 command. 



Symbol Type 



AEN 



SYSB / 
RESB 



CBRQ 



INIT 



I/O 



Name and Function 



Address Enable: The output of the 8289 
Arbiter to the processor's address latches, 
to the 8288 Bu s Co ntroller and 8284A 
Clock Generator. AEN serves to instruct the 
Bus Controller and address latches when 
to tri-state their output drivers. 



System Bus/Resident Bus: An input 
signal when the arbiter is configured in the 
S.R. Mode (RESB is strapped high) which 
determines when the multi-master system 
bus is requested and multi-master system 
bus surrendering is permitted. The signal 
is intended to originate from a form of 
address-mapping circuitry, as a decoder or 
PROM attached to the resident address 
bus. Signal transitions and glitches are 
permitted on this pin from 01 of T4 to <f> 1 of 
T2 of the processor cycle. During the 
period from 01, of T2 to 0 1 of T4, only clean 
transitions; are permitted on this pin (no 
glitches). If a glitch occurs, the arbiter may 
capture or miss it, and the multi-master 
system bus may be requested or surren- 
dered, depending upon the state of the 
glitch. The arbiter requests the multi- 
master system bus ir \the S .R. Mode when 
the state of the SYSB/RESB pin is high and 
permits the bus to be surrendered when 
this pin is low. 



Common Bus Request: An input signal 
which instructs the arbiter if there are any 
other arbiters of lower priority requesting 
the use of the multi-master system bus. 

The CBRQ pins (open-collector output) of 
all the 8289 Bus Arbiters which surrender 
to the multi-master system bus upon re- 
quest are connected together. 

The Bus Arbiter running the cu rrent tr ans- 
fer cycle will not itself pull the CBRQ line 
low. A ny other arbiter connected to the 
CBRQ line can request the multi-master 
system bus. The arbiter presently r unning 
the current transfer cycle drops its BREQ 
signal and surrenders the bus whenever 
the prope r surr ender conditions exist. 
Strapping CBRQ low and ANYRQST high 
allows the multi-master system bus to be 
surrendered after each transfer cycle. See 
thd pin definition of ANYRQST. 



Initialize: Ah active low multi-master sys- 
tem bus input signal used to reset all the 
bus arbiters on the multi-master system 
bus. After initialization, no arbiters have 
the use of the multi-master system bus. 



/ 
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Table 1. Pin Descriptions (Continued) 



Symbol 


Type 


Name and Function 


BCLK 


I 


Bus Clock: The multi-master system bus 
clock to which all multi-master system bus 
interface signals are synchronized. 


open 


\j 


Bus Request: An active low output signal 
in the parallel Priority Resolving Scheme 
which the arbiter activates to request the 
use of the multi-master system bus. 


BPRN 


I 


Bus Priority In: The active low signal re- 
turned to the arbiter to instruct it that it may 
acquire the multi-master system bus on the 
next falling edge of BCLK. BPRN indicates 
to the arbiter that it is the highest priority 
requesting arbiter presently on the bus. 
The loss of BPRN instructs the arbiter that 
it has lost priority to a higher priority 
arbiter. 



Symbol 


Type 


Name and Function 


BPRO 


0 


Bus Priority Out: An active low output 
signal used in the serial priority resolving 
scheme where BPRO is daisy-chained to 
BPRN of the next lower priority arbiter. 


BUSY 


I/O 


Busy: An active low open collector 
multi-master system bus interface signal 
used to instruct all the arbiters on the bus 
when the multi-master system bus is avail- 
able. When the multi-master system bus is 
available the highest requesting arbiter 
(determined by BPRN) seizes the bus and 
pulls BUSY low to keep other arbiters off of 
the bus. When the arbiter is done with the 
bus, it releases the BUSY signal, permitting 
it to go high and thereby allowing another 
arbiter to acquire the multi-master system 
bus. 



FUNCTIONAL DESCRIPTION 

The 8289 Bus Arbiter operates in conjunction with the 
8288 Bus Controller to interface iAPX 86, 88 processors to 
a multi-master system bus (both the iAPX 86 and iAPX 88 
are configured in their max mode). The processor is un- 
aware of the arbiter's existence and issues commands as 
though it has exclusive use of the system bus. If the pro- 
cessor does not have the use of the multi-master system 
bus, the arbiter prevents the Bus Controller (8288), the 
data transceivers and the address latches from accessing 
the system bus (e.g. all bus driver outputs are forced into 
the high impedance state). Since the command sequence 
was not issued by the 8288, the system bus will appear as 
"Not Ready" and the processor will enter wait states. The 
processor will remain in Wait until the Bus Arbiter ac- 
quires the use of the multi-master system bus whereupon 
the arbiter will allow the bus controller, the data transceiv- 
ers, and the address latches to access the system. Typi- 
cally, once the command has been issued and a data 
transfer has taken place, a transfer acknowledge (XACK) 
is returned to the processor to indicate "READY" from the 
accessed slave device. The processor then completes its 
transfer cycle. Thus the arbiter serves to multiplex a pro- 
cessor (or bus master) onto a multi-master system bus and 
avoid contention problems between bus masters. 

Arbitration Between Bus Masters 

In general, higher priority masters obtain the bus when a 
lower priority master completes its present transfer 
cycle. Lower priority bus masters obtain the bus when a 
higher priority master is not accessing the system bus. 
A strapping option (ANYRQST) is provided to allow the 
arbiter to surrender the bus to a lower priority master as 
though it were a master of higher priority. If there are no 
other bus masters requesting the bus, the arbiter main- 
tains the bus so long as its processor has not entered 



the HALT State. The arbiter will not voluntarily surrender 
the system bus and has to be forced off by another 
master's bus request, the HALT State being the only ex- 
ception. Additional strapping options permit other 
modes of operation wherein the multi-master system 
bus is surrendered or requested under different sets of 
conditions. 



Priority Resolving Techniques 

Since there can be many bus masters on a multi-master 
system bus, some means of resolving priority between 
bus masters simultaneously requesting the bus must be 
provided. The 8289 Bus Arbiter provides several resolv- 
ing techniques. All the techniques are based on a priori- 
ty concept that at a given time one bus master will have 
priority above all the rest. There are provisions for using 
parallel priority resolving techniques, serial priority 
resolving techniques, and rotating priority techniques. 



PARALLEL PRIORITY RESOLVING 

The parallel priorit y reso lving technique uses a separate 
bus request line (BREQ) for each arb iter on the multi- 
master system bus, see Figure 4. Each BREQ line enters 
into a priority encoder whic h gene rates the binary ad- 
dress of the highest priority BREQ line which is active. 
The binary address is dec oded by a decoder to select 
the corresponding BPRN (Bus Priority In) line to be 
returned to the highest pri ority r equesting arbiter. The 
arbiter receiving priority (BPRN true) then allows its 
associated bus master onto the multi-master system 
bus as soon as it becomes available (i.e., the bus is no 
longer busy). When one bus arbiter gains priority over 
another arbiter it cannot immediately seize the bus, it 
must wait until the present bus transaction is complete. 
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Upon completing its transaction the present bus occu- 
pant recognizes that it no lo nger has prio rity and sur- 
renders the bus by releasing BUSY. BUSY is an active 
low "OR" tied signal line Which g oes to every bus arbiter 
on the system bus. When BUSY goes in active (high), the 
arbiter whiph presently has bus priority (BPRN true) then 



seizes the bus and pulls BUSY low to keep other arbiters 
off of the bus. See waveform timing diagram, Figure 5. 
Note that all multi-master system bus transactions are 
synchronized to the bus clock (BCLK). This allows the 
parallel priority resolving circuitry or any other priority 
resolving scheme employed to settle. 



BUS 
ARBITER 



BUS 
ARBITER 
2 



BUS 
ARBITER 

3 



BUS 
ARBITER 
4 









74148 




74138 


PRIORITY 




3 TO 8 


ENCODER 




DECODER 



BUSY 



Figure 4. Parallel Priority Resolving Technique 




(T) HIGHER PRIORITY BUS ARBITER REQUESTS THE MULTI-MASTER SYSTEM BUS. 
© ATTAINS PRIORITY 

® LOWER PRIORITY BUS ARBITER RELEASES BUSY. 

0 HIGHER PRIORITY BUS ARBITER THEN ACQUIRES THE BUS AND PULLS BUSY DOWN. 



Figure 5. Higher Priority Arbiter obtaining the Bus from a Lower Priority Arbiter 
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SERIAL PRIORITY RESOLVING 

The serial priority resolving technique eliminates the 
need for the priority encoder-decoder arrangement by 
daisy-chaining the bus arbit ers tog ether, connecting the 
higher pri ority bu s arbiter's BPRO (Bus Priority Out) out- 
put to the BPRN of the next lower priority. See Figure 6. 



Figure 6. Serial Priority Resolving 



ROTATING PRIORITY RESOLVING 

The rotating priority resolving technique is similar to 
that of the parallel priority resolving technique except 
that priority is dynamically re-assigned. The priority en- 
coder is replaced by a more complex circuit which ro- 
tates priority between requesting arbiters thus allowing 
each arbiter an equal chance to use the multi-master 
system bus, over time. 



Which Priority Resolving Technique To 
Use 

There are advantages and disadvantages for each of the 
techniques described above. The rotating priority 
resolving technique requires substantial external logic 
to implement while the serial technique uses no exter- 
nal logic but can accommodate only a limited number of 
bus arbiters before the daisy-chain propagatio n delay 
exceeds the multi-master's system bus clock (BCLK). 
The parallel priority resolving technique is in general a 
good compromise between the other two techniques. It 
allows for many arbiters to be present on the bus while 
not requiring too much logic to implement. 



8289 MODES OF OPERATION 

There are two types of processors in the iAPX 86 family. An 
Input/Output processor (the 8089 IOP) and the iAPX 86/1 0, 
88/10 CPUs. Consequently, there are two basic operating 
modes in the 8289 bus arbiter. One, the IOB (I/O Peripheral 
Bus) mode, permits the processor access to both an I/O 
Peripheral Bus and a multi-master system bus. The sec- 
ond, the RESB (Resident Bus mode), permits the pro- 
cessor to communicate over both a Resident Bus and a 
multi-master system bus, An I/O Peripheral Bus is a bus 
where all devices on that bus, including memory, are 
treated as I/O devices and are addressed by I/O com- 
mands. All memory commands are directed to another 
bus, the multi-master system bus. A Resident Bus can 
issue both memory and I/O commands, but it is a distinct 
and separate bus from the multi-master system bus. The 
distinction is that the Resident Bus has only one master, 
providing full availability and being dedicated to that one 
master. 

The IOB strapping option configures the 8289 Bus Ar- 
biter into the IOB mode and the strapping option RESB 
configures it into the RESB mode. It might be noted at 
this point that if both strapping options are strapped 
false, the arbiter interfaces the processor to a multi- 
master system bus only (see Figure 7). With both op- 
tions strapped true, the arbiter interfaces the processor 
to a multi-master system bus, a Resident Bus, and an I/O 
Bus. 

In the IOB mode, the processor communicates and con- 
trols a host of peripherals over the Peripheral Bus. When 
the I/O Processor needs to communicate with system 
memory, it does so over the system memory bus. Figure 
8 shows a possible I/O Processor system configuration. 

The iAPX 86 and iAPX 88 processors can communicate 
with a Resident Bus and a multi-master system bus. Two 
bus controllers and only one Bus Arbiter would be needed 
in such a configuration as shown in Figure 9. In such a 
system configuration the processor would have access to 
memory and peripherals of both busses. Memory map- 
ping techniques are applied to select which bus is to be 
accessed. The SYSB/RESB input on the arbiter serves to 
instruct the arbiter as to whether or not the system bus is 
to be accessed. The signal connected to SYSB/RESB also 
enables or disables commands from one of the bus 
controllers. 

A summary of the modes that the 8289 has, along with 
its response to its status lines inputs, is summarized in 
Table 2. 



THE NUMBER OF ARBITERS THAT MAY BE DAISY CHAINED TOGETHER IN THE 
SERIAL PRIORITY RESOLVING SCHEME IS A FUNCTION OF BCLK AND THE PROPA 
GATION DELAY FROM ARBITER TO ARBITER NORMALLY, AT 10 MHz ONLY 3 ARBI- 
TER MAY BE DAISY-CHAINED 



'In some system configurations it is possible for a non-l/O Processor to 

have access- to more than one Multi-Master System Bus, see 8289 „ \ 

Application Note. 
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Table 2. Summary of 8289 Modes, Requesting and Relinquishing the Multi-Master System Bus 



Status Lines From 
8086 or 8088 or 8089 


IQB Mode 


RESB (Mode) Only 


IOB Mode RESB Mode 


Single 

IOB = High 
RESB = Low 


Only 


IOB = High RESB = High 


IQB = Low RESB = High 


S2 SI SO 

0 0 0 
I/O 0 0 1 
COMMANDS ° ° 

0 1 0 


IOB = Low 

X 
X 
X 


SYSB/RESB = High SYSB/RESB = Low 

X 

x 

X 


SYSB/RESB = High SYSB/RESB = Low 

X X 
X X 
X X 




HALT 0 1 1 


X 


X X 


X X 


X 


1 0 Q 

MEM 

COMMANDS J " Q 




X 
X 
X 


X 
X 
X 




IDLE 1 1 1 


X 


X X 


X X 


X 



NOTES: 

1. X= Multi-Master System Bus is allowed to be Surrendered. 

2. v = Multi-Master System Bus is Requested. 



Mode 


Pin 
Strapping 


Multi-Master System Bus 


Requested** 


Surrendered* 


Single Bus 
Multi-Master Mode 


IOB= High 
RESB = Low 


Whenever the processor's 
status lines go active 


HLT + TI • CBRQ+ HPBRQ* 


RESB Mode Only 


IOB = High 
RESB = High 


SYSB/R"IS"B = High • 
ACTIVE STATUS 


(SYSB/rTES"B = Low + TI)« 
CBRQ+ HLT+ HPBRQ 


IOB Mode Only 


IOB = Low 
RESB = Low 


Memory Commands 


(I/O Status + TI) • CBRQ + 
HLT+ HPBRQ 


IOB Mode RESB Mode 


IOB = Low 
RESB = High 


(Memory Command) • 
(SYSB/RESB = High) 


((I/O Status Commands) + 
SYSB/RES~B" = LOW)) • CBRQ 
+ HPBRQT + HLT 



*LOCK prevents surrender of Bus to any other arbiter, CRQLCK prevents surrender of Bus to any lower priority arbiter. 
** Except for HALT and Passive or IDLE Status. 
* HPBRQ, Higher priority Bus request or BPRN = 1. 

1. IOB Active Low. 

2. RESB Active High. 

3. + is read as "OR" and • as "AND." 

4. Tl = Processor Idle Status 82^1^0= 111 

5. HLT= Processor Halt Status S2, S1 , §5 = 01 1 



3-592 



AFN-00839D 



8289/8289-1 



HDh 



- READY RDY1 
CLK AEN1 



AD0 AD15 j 
A16A19 " 



CLK ANYRQ8T 



STATUS (S0.S1.S2) 



AEN 

8288 

BUS 
CONTROLLER 
CLK 
ALE 



IOB 

DT/R" 



— ( XACK MULTI MASTER SYSTEM BUS 



MULTI MASTER 
v SYSTEM 
f COMMAND 

BUS 



MULTI-MASTER 
. SYSTEM 
> ADDRESS 

BUS 



MULTI-MASTER 
. SYSTEM 
' DATA 

BUS 



Figure 7. Typical Medium Complexity CPU System 



XACK (I/O BUS) V- 



8284A 

CLOCK 

RDY1 ROY2 



ADDRESS 
LATCH 
8283/ 
8282 
(2 OR 3) 



TRANSCEIVER 



— { XACK MULTI MASTER SYSTEM BUS 



ANYRQSTRESB 



FL 



STATUS (S0.S1.S2) 



ADDRESS 
LATCH 
8283/ 
8282 
(2 OR 3) 



CONTROLLER 



PDENDEN DT/R 



MULTI MASTER 
\ SYSTEM 
/COMMAND 



MULTI MASTER 
\ SYSTEM 
/ ADDRESS 



. MULTI MASTER 
\ SYSTEM 
/DATA 



Figure 8. Typical Medium Complexity IOB System 
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RESIDENT COMMAND / 



RESIDENT BUS 



RESIDENT ADDRESS / 



kEN2 AEN1J>— 

t2»4A 

CLOCK 

HRDV2 ROYlJ- 
READY CIK 



8086 
CPU 

ADO AD15, 
A16-A19 



- XACK MULTI-MASTER SYSTEM BUS 



J 



CEN 

A- 



' DT/R 
DEN 



PROM 
OR 
DECODER 

ztei 



. TRANSCEIVER 



A $6- MW 

vKr B b"ter 



A \ i 

N / 1 

3- 



56 55 

82 


B8 


CLK 




DT/R 






IOB 


OEN 


ALE 



AODR 
LATCH 
8282/8283 
(2 OR 3) 



. MULTI MASTER SYSTEM 



A \ H 

M / C 



•BY ADDING ANOTHER 8289 ARBITER AND CONNECTING ITS AEN TO THE 6288 
WHOSE AIR IS PRESENTLY GROUNDED, THE PROCESSOR COULD HAVE ACCESS 
TO TWO MULTI-MASTER BUSES. 



Figure 9. 8289 Bus Arbiter Shown in System-Resident Bus Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°C to 70 °C 

Storage Temperature - 65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to +*5.5V 

Power Dissipation 1.5 Watt 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = +5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Condition 


V C 


Input Clamp Voltage 




-1.0 


V 


V cc = 4.50V, l c = -5 mA 


«F 


Input Forward Current 




-0.5 


mA 


V CC = 5.50V, V F = 0.45V 


Ir 


Reverse Input Leakage Current 




60 


MA 


V cc = 5.50, V R = 5.50 


Vol 


Output Low Voltage 
BUSY, CBRQ 
AEN 

BPRO, BREQ 




0.45 
0.45 
0.45 


V 
V 
V 


l O i_ = 20 mA 
I 0 l= 16 mA 
I 0 l= 10 mA 


Vqh 


Output High Voltage 
BUSY, CBRQ 


Open Collector 




All Other Outputs 


2.4 




V 


Iqh = 400 /iA 


Ice 


Power Supply Current 




165 


mA 




V,L 


Input Low Voltage 




.8 


V 




V| H 


Input High Voltage 


2.0 




V 




Cin Status 


Input Capacitance 




25 


PF 




Cln (Others) 


Input Capacitance 




12 


PF 





A.C. CHARACTERISTICS (V cc 
TIMING REQUIREMENTS 



+5V ±10%, T A = 0°C to 70°C) 



Symbol 


• Parameter 


8289 Min. 


8289-1 Min. 


Max. 


Unit 


Test Condition 


TCLCL 


CLK Cycle Period 


125 


100 




ns 




TCLCH 


CLK Low Time 


65 


53 




ns 




TCHCL 


CLK High Time 


35 


26 




ns 




TSVCH 


Status Active Setup 


65 


55 


TCLCL-10 


ns 




TSHCL 


Status Inactive Setup 


50 


45 


TCLCL-10 


ns 




THVCH 


Status Active Hold 


10 


10 




ns 




THVCL 


Status Inactive Hold 


10 


10 




ns 




TBYSBL 


BUSYtiSetuptoBCLKi 


20 


20 




ns 




TCBSBL 


CBRQTiSetuptoBCLKi 


20 


20 




ns 




TBLBL 


BCLK Cycle Time 


100 


100 




ns 




TBHCL 


BLCK High Time 


30 


30 


.65[TBLBL] 


ns 




TCLLL1 


LOCK Inactive Hold 


10 


10 




ns 




TCLLL2 


LOCK Active Setup 


40 


40 




ns 




TPNBL 


BPRNti to BCLK Setup Time 


15 


15 




ns 




TCLSR1 


SYSB/RESB Setup 


0 


0 




ns 




TCLSR2 


SYSB/RESB Hold 


20 


20 




ns 




TIVIH 


Initialization Pulse Width 


3TBLBL+ 
3 TCLCL' 


3 TBLBL+ 
3 TCLCL 




ns 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



oyinooi 


ra ia rn eie r 


Min. 


Max. 


Unit 


Taa| ^/\lt#f Mlftffl 

1981 wonuulOn 


TBLBRL 


RPI K tn RRFO nalav I f 




35 






TBLPOH 


BCLK to BPRO 1 t /Spe Note 1 ^ 




40 






TPNPO 


BPRNifto BPROlfDelay , 
(See Note 1) 




25 


ns 




TBLBYL 


BCLK to BUSY Low 




60 


ns 




TBLBYH 


BCLK to BUSY Float (See Note 2) 




35 


ns 




TCLAEH 


CLK to AEN High 




65 


ns 




TBLAEL 


BCLK to AEN Low 




40 


ns 




TBLCBL 


BCLK to CBRQ Low 




60 


ns 




TRLCRH 


BCLK to CBRQ Float (See Note 2) 




35 


ns 




TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



1| Denotes that spec applies to both transitions of the signal. 
NOTES: 

1. BCLK generates the first BPRO wherein subsequent BPRO changes lower in the chain are generated through BPRON. 

2. Measured at .5V above GND. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



- TEST POINTS - 



A.C. TESTING INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0 45V 
FOR A LOGIC "0" THE CLOCK IS DRIVEN AT 4 3V and 0 25V TIMING 
MEASUREMENTS ARE MADE AT 1 5V FOR BOTH A LOGIC "1" AND "0 " 
INPUT RISE AND FALL TIMES (MEASURED BETWEEN 0 8V AND 2 0V) ARE 
DRIVEN AT5±2 NS 



DEVICE 
UNDER 
TEST 



1 
I 



C L = 100 pF 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 




TBLCBH- 

N OTES: 

1 LOCK ACTIVE CAN OCCUR DURING ANY STATE, AS LONG AS THE 
RELAT IONSHIPS SHOWN ABOVE WITH RESPECT TO THE CLK ARE MAINTAINED 
LOCK INA CTIVE HAS NO CRITICAL TIME AND CAN BE ASYNCHRONOUS 
-CRQLCK HAS NO CRITICAL TIMING AND IS CONSIDERED AN ASYNCHRONOUS 
INPUT SIGNAL 

2 GLITCHING OF SYSB/RESB PIN IS PERMIT TED DURING THIS TIME AFTER <f> 2 OF 
T1, AND BEFORE <£1 OF T4, SYSB/RESB SHOU LD BE STABLE. 

3 AEN LEADING EDGE IS RELATED TO BCLK, TRAILING EDGE TO CLK THE 
TRAILING EDGE OF AEN OCCURS AFTER BUS PRIORITY IS LOST 



ADDITIONAL NOTES: 

The signals related to CLK a re typical processor signals, and do not relate to the depicted sequence of events of the 
signals referenced to BCLK. The signals shown related to the BCLK represent a hypothetical sequence of events for 
illustration. Assume 3 bus arbiters of priorities 1, 2 and 3 configured in serial priority resolving scheme as shown in 
Figure 6. Assume ar biter 1 ha s the bus and is holding busy low. Arbit er #2 d etect s its p rocessor wants the bus and 
pulls-low BREQ#2. If BPRN#2 is high (as shown), arbiter #2 will pull low CBRQ line. CBRQ signals to the higher priority 
arbiter #1 that a lower priority arbiter wants the bus. [A higher priority arbiter would be granted BPRN when it makes 
the bus request rather than having to wait for another arbiter to release the bus through CBRQ].** Arb iter #1 w ill relm- 
quish the multi-master system bus when it enters a state not requiring it (s ee Table 1), by lowering its BPRO #1 (tied to 
BPRN#2) and releasing BUSY. Arbiter #2 now sees that it has priority from BPRN#2 being low and releases CBRQ As 
soon as BUSY signifies the bus is available (high), arbiter #2 pulls BUSY low on next falling edge of BCLK. Note that if 
arbiter #2 di dn't want the bus at the time it received priority, it would pass priority to the next lower priority arbiter by 
lowering its BPRO #2 [TPNPO]. 

**Note that even a higher priority arbiter which is acquiring the bus through BPRN will momentarily drop CBRQ until it has acquired the bus 
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HIGH PERFORMANCE MICROPROCESSOR 
WITH MEMORY MANAGEMENT AND PROTECTION 

(80286, 80286-6, 80286-4) 



High Performance 
Processor (Up to six times iAPX 86) 
Large Address Space: 
—16 Megabytes Physical 
—1 Gigabyte Virtual per Task 
Integrated Memory Management, Four- 
Level Memory Protection and Support 
for Virtual Memory and Operating 
Systems 

Two iAPX 86 Upward Compatible 
Operating Modes: 
—iAPX 86 Real Address Mode 
—Protected Virtual Address Mode 

Range of clock rates 
—8 MHz for 80286 
—6 MHz for 80286-6 
—4 MHz for 80286-4 



Optional Processor Extension: 
—iAPX 286/20 High Performance 80-bit 
Numeric Data Processor 

Complete System Development 
Support: 

—Development Software: Assembler, 
PL/M, Pascal, FORTRAN, and System 
Utilities 

— In-Circuit-Emulator (ICE M -286) 

High Bandwidth Bus Interface 
(8 Megabyte/Sec) 

Available in EXPRESS: 
—Standard Temperature Range 



The iAPX 286/10 (80286 part number) is an advanced, high-performance microprocessor with specially optimized 
capabilities for multiple user and multi-tasking systems. The 80286 has built-in memory protection that supports 
operating system and task isolation as well as program and data privacy within tasks. An 8 MHz iAPX 286/1 0 provides 
up to six times greater throughout than the standard 5 MHz iAPX 86/10. The 80286 includes memory management 
capabilities that map up to 2 30 (one gigabyte) of virtual address space per task into 2 24 bytes (16 megabytes) 
of physical memory. 

The iAPX 286 is upward compatible with iAPX 86 and 88 software. Using iAPX 86 real address mode, the 80286 is 
object code compatible with existing iAPX 86, 88 software. In protected virtual address mode, the 80286 is source 
code compatible with iAPX 86, 88 software and may require upgrading to use virtual addresses supported by the 
80286's integrated memory management and protection mechanism. Both modes operate at full 80286 performance 
and execute a superset of the iAPX 86 and 88's instructions. 

The 80286 provides special operations to support the efficient implementation and execution of operating systems. 
For example, one instruction can end execution of one task, save its state, switch to a new task, load its state, and 
start execution of the new task. The 80286 also supports virtual memory systems by providing a segment-not-present 
exception and restartable instructions. 
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Figure 1. 80286 Internal Block Diagram 
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Component Pad View— As viewed iron) 
underside of component when mounted on 
the board. 



P.C. Board View— As viewed from the 
component side of the RC. board. 
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NOTE: N.C. pads must not be connected. 



Figure 2. 80286 Pin Configuration 



Table 1. Pin Description 

The following pin function descriptions are for the 80286 microprocessor: 



Symboi 



Type 



Name and Function 



CLK 



System Clock provides the fundamental timing for iAPX 286 systems, it is divided by two inside 
the 80286 to generate the processor clock. The internal divide-by-two circuitry can 
be synchronized to an external clock generator by a LOW to HIGH transition on the RESET 
input. 



D15-D0 



I/O 



Data Bus inputs data during memory, I/O, and interrupt acknowledge read cycles; outputs data 
during memory and I/O write cycles. The data bus is active HIGH and floats to 3-state OFF during 
bus hold acknowledge. 



A23-A0 



Address Bus outputs physical memory and I/O port addresses. AO is LOW when data is to be 
transferred on pins D7_o- A23-A16 are LOW during I/O transfers. The address bus is active HIGH 
and floats to 3-state OFF during bus hold acknowledge. 



BHE 



Bus High Enable indicates transfer of data on the upper byte of the data bus, D-i s-a. E ight-bit 
oriented devices assigne d to t he upper byte of the data bus would normally use BHE to con- 
dition chip select functions. BHE is active LOW and floats to 3-state OFF during bus hold acknowledge. 



BHE and AO Encodings 


BHE Value 


AO Value 


Function 


0 


0 


Wbrd transfer 


0 


1 


Byte transfer on upper half of data bus (Di5_r) 


1 


0 


Byte transfer on lower half of data bus (D7_o) 


1 


1 


Reserved 
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Table 1. Pin Description (Cont.) 



Symbol Type 



Name and Function 



S1.S0 



Bus Cycle Status indicates initiation of a bus cycle and, along with M/IU and COD/jRT - , defines 
the type of bus cycle. The bus is in a T s state whenever one or both are LOW. ST and 30 are 
active LOW and float to 3-state OFF during bus hold acknowledge. 



80286 Bus Cycle Status Definition 


COD/INTA 


M/IO 


S1 


so 


Bus cycle initiated 


O(LOW) 


0 


0 


0 


Interrupt acknowledge 


0 


0 


0 


1 


Reserved 


0 


0 


1 


0 


Reserved 


0 


0 


1 


1 


None; not a status cycle 


0 


1 


0 


0 


IF A1 = 1 then halt; else shutdown 


0 


1 


0 


1 


Memory data read 


0 


1 


1 


0 


Memory data write 


0 


1 


1 


1 


None; not a status cycle 


1 (HIGH) 


0 


0 


0 


Reserved 




0 


0 


1 


I/O read 




0 


1 


0 


I/O write 




0 


1 


1 


None, not a status cycle 




1 


0 


0 


Reserved 




1 


0 


1 


Memory instruction read 




1 


1 


0 


Reserved 




1 


1 


1 


None; not a status cycle 



M/IO O Memory/IO Select distinguishes memory access from I/O access. If HIGH during T s , a memory 
cycie or a halt/shutdown cycle is in progress. If LOW, an I/O cycle or an interrupt acknowledge cycle 
is in progress. M/IO floats to 3-state OFF during bus hold acknowledge. 

COD/INTA O Code/Interrupt Acknowledge distinguishes instruction fetch cycles from mem ory data read cycles. 

Also distinguishes interrupt acknowledge cycles from I/O cycles, COD/INTA floats to 3-state OFF 
during bus hold acknowledge. Its timing is the same as M/1U. : 

LOCK O Bus Lock indicates that ot her sys tem bus masters are not to gain control of the system bus following 

the current bus cycle. The LOCK signal may be activated explicitly by the "LOCK" instruction prefix 
or automatically by 80286 hardware during memory XCHG instructions, interrupt acknowledge, or 
descriptor table access. LOCK is active LOW and floats to 3-state OFF during bus hold acknowledge. 

READY I Bus Ready ter minates a bus cycle. Bus cycles are extended without limit until terminated by READY 
LOW. READY is an active LOW synchro nous inp ut requiring setup and hold times relative to the 
system clock be met for correct operation. READY is ignored during bus hold acknowledge. 

HOLD I Bus Hold Request and Hold Acknowledge control ownership of the 80286 local bus. The HOLD 

HLDA O input allows another local bus master to request control of the local bus. When control is granted, the 

80286 will float its bus drivers to 3-state OFF and then activate HLDA, thus entering the bus hold 
acknowledge condition. The local bus will remain granted to the requesting master until HOLD 
becomes inactive which results in the 80286 deactivating HLDA and regaining control of the local 
bus. This terminates the bus hold acknowledge condition. HOLD may be asynchronous to the system 

clock. These signals are active HIGH. 

INTR I Interrupt Request requests the 80286 to suspend its current program execution and service a 

pendjng external request. Interrupt requests are masked whenever the interrupt enable bit in the 
flag word is cleared. When the 80286 responds to an interrupt request, it performs two interrupt 
acknowledge bus cycles to read an 8-bit interrupt vector that identifies the source of the interrupt. To 
assure program interruption, INTR must remain active until the first interrupt acknowledge cycle is 
completed. INTR is sampled at the beginning of each processor cycle ahd must be active HIGH at 
least two processor cycles before the current instruction ends in order to interrupt before the next 
instruction. INTR is level sensitive, active HIGH, and may be asynchronous to the system clock. 



NMI 



Non-maskable Interrupt Request interrupts the 80286 with an internally supplied vector value of 
2. No interrupt acknowledge cycles are performed. The interrupt enable bit in the 80286 flag word 
does not affect this input. The NMI input is active HIGH, may be asynchronous to the system clock, 
and is edge triggered after internal synchronization. For proper recognition, the input must have 
been previously LOW for at least four system clock cycles and remain HIGH for at least four system 
clock cycles. 
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Table 1 . Pin Description (Cont.) 



Symbol 



Name and Function 



PEREQ 
PEACK 



I 

O 



Processor Extension Operand Request and Acknowledge extend the memory management and protection 
capabilities of the 80286 to processor extensions . The PE REQ input requests the 80286 to perform a dat? 
operand transfer for a processor extension. The PEACK output signals the processor extension when the 
requested op erand is being transferred. PEREQ is active HIGH and flo ats to 3-state OFF during bus hold 
acknowledge, peack may be asynchronous to the system clock. PEACK is active LOW. 



BUSY 
ERROR 



Processor Extension B usy and Error indicate the operating condition of a processor extension 
to the 80286. An active BUSY input stops 80286 program execution on WAIT and some ESC 
ins truction s until BUSY becomes inacti ve (HIGH ). The 80286 may be interrupted while waiting 
for BUSY to become inactive. An active ERROR input causes the 80286 to perform a processor 
extension interrupt when executing WAIT or some ESC instructions. These inputs are active 
LOW and may be asynchronous to the system clock. 



RESET 



System Reset clears the internal logic of the 80286 and is active HIGH. The 80286 may be re- 
initialized at any time with a LOW to HIGH transition on RESET which remains active for more than 
16 system clock cycles. During RESET active, the outputpins of the 80286 enter the state shown 
below: 



80286 Pin State During Reset 


Pin Value 


Pin Names 


1 (HIGH) 
0 (LOW) 
3-state OFF 


SO, S1 , PEACK, A23-A0, BHE, LOCK 

M/IO, COD/INTA, HLDA 

D15-D0 



Operation of the 80286 begins after a HIGH to LOW transition on RESET. The HIGH to LOW transi- 
tion of RESET must be synchronous to the system clock. Approximately 50 system clock cycles are 
required by the 80286 for internal initializations before the first bus cycle to fetch code from the 
power-on execution address is performed, 

A LOW to HIGH transition of RESET synchronous to the system clock will end a processor 
cycle at the second HIGH to LOW transition of the system clock. The LOW to HIGH transition 
of RESET may be asynchronous to the system clock; however, in this case it cannot be prede- 
termined which phase of the processor clock will occur during the next system clock period. 
Synchronous LOW to HIGH transitions of RESET are required only for systems where the 
processor clock must be phase synchronous to another clock. 



V S S 



System Ground: 0 Volts. 



v C c 



System Power: + 5 Volt Power Supply. 



CAP 



Substrate Filter Capacitor: a 0.047|xf ± 20% 12V capacitor must be connected between this pin 
and ground. This capacitor filters the output of the internal substrate bias generator. A maximum DC 
leakage current of 1 |xa is allowed through the capacitor. 

For correct operation of the 80286, the substrate bias generator must charge this capacitor to its 
operating voltage. The capacitor chargeup time is 5 milliseconds (max.) after Vpc and CLK reach 
their specified AC and DC parameters. RESET may be applied to prevent spurious activity by the 
CPU during this time. After Jhis time, the* 80286 processor clock can be phase synchronized to 
another clock by pulsing RESET LOW synchronous to the system clock. 
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FUNCTIONAL DESCRIPTION 
Introduction 

The 80286 is an advanced, high-performance micro- 
processor with specially optimized capabilities for mul- 
tiple user and multi-tasking systems. Depending on the 
application, the 80286's performance is up to six times 
faster than the standard 5 MHz 8086's, while providing 
complete upward software compatibility with Intel's iAPX 
86, 88, and 186 family of CPU's. 

The 80286 operates in two modes: iAPX 86 real address 
mode and protected virtual address mode. Both modes 
execute a superset of the iAPX 86 and 88 instruction set. 

In iAPX 86 real address mode programs use real ad- 
dresses with up to one megabyte of address space. Pro- 
grams use virtual addresses in protected virtual address 
mode, also called protected mode. In protected mode, 
the 80286 CPU automatically maps 1 gigabyte of virtual 
addresses per task into a 16 megabyte real address 
space. This mode also provides memory protection to 
isolate the operating system and ensure privacy of each 
tasks' programs and data. Both modes provide the same 
base instruction set, registers, and addressing modes. 

The following Functional Description describes first, the 
base 80286 architecture common to both modes, sec- 
ond, iAPX 86 real address mode, and third, protected 
mode. 



Register Set 

The 80286 base architecture has fifteen registers as 
shown in Figure 3. These registers are grouped into the 
following four categories: 



General Registers: Eight 16-bit general purpose reg- 
isters used to contain arithmetic and logical operands. 
Four of these (AX, BX, CX, and DX) can be used either 
in their entirety as 16-bit words or split into pairs of sep- 
arate 8-bit registers. 



Segment Registers: Four 16-bit special purpose reg- 
isters select, at any given time, the segments of memory 
that are immediately addressable for code, stack, and 
data. (For usage, refer to Memory Organization.) 



Base and Index Registers: Four of the general pur- 
pose registers may also be used to determine offset ad- 
dresses of operands in memory. These registers may 
contain base addresses or indexes to particular loca- 
tions within a segment. The addressing mode deter- 
mines the specific registers used for operand address 
calculations. 



iAPX 286/10 BASE ARCHITECTURE 

The iAPX 86, 88, 186, and 286 CPU family all contain 
the same basic set of registers, instructions, and ad- 
dressing modes. The 80286 processor is upward com- 
patible with the 8086, 8088, and 80186 CPU's. 



Status and Control Registers: The 3 16-bit special 
purpose registers in figure 3A record or control cer- 
tain aspects of the 80286 processor state including 
the Instruction Pointer, which contains the offset 
address of the next sequential instruction to be 
executed. 



16-BIT 
REGISTER 
NAME 



BYTE 

ADDRESSABLE 

(8-BIT 

REGISTER 

NAMES 

SHOWN) 



AH 


AL 


DH 


DL 


CH 


CL 


BH 


BL 











SPECIAL 
REGISTER 
FUNCTIONS 



MULTIPLY/DIVIDE 
I/O INSTRUCTIONS 



LOOP/SHIFT/REPEAT COUNT 



BASE REGISTERS 



INDEX REGISTERS 



STACK POINTER 



SEGMENT REGISTERS 



GENERAL 
REGISTERS 



F 
IP 
MSW 



CODE SEGMENT SELECTOR 
DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 



FLAGS 

INSTRUCTION POINTER 
MACHINE STATUS WORD 



STATUS AND CONTROL 
REGISTERS 



Figured. Register Set 
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STATUS FLAGS: 
CARRY 
PARITY 
AUXILIARY CARRY 
ZERO 
SIGN • 
OVERFLOW • 



15 



■EEL" 



14 



13 




ESEHESC 



CONTROL FLAGS: 
■ TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 



SPECIAL FIELDS: 
I/O PRIVILEGE LEVEL 
NESTED TASK FLAG 



. illllllllMWW TS | , | MP | 



E53 



INTEL RESERVED 



TASK SWITCH ■ 
PROCESSOR EXTENSION EMULATED • 
MONITOR PROCESSOR EXTENSION . 

PROTECTION ENABLE • 



Figure 3a. Status and Control Register Bit Functions 



Flags Word Description 

The Flags word (Flags) records specific characteristics 
of the result of logical and arithmetic instructions (bits 0, 
2, 4, 6, 7, and 1 1 ) and controls the operation of the 80286 
within a given operating mode (bits 8 and 9). Flags is a 
16-bit register. The function of the flag bits is given in 
Table 2. 

Instruction Set 

The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipula- 
tion, control transfer, high level instructions, and pro- 
cessor control. These categories are summarized in 
Figure 4. 

An 80286 instruction can reference zero, one, or two 
operands; where an operand resides in a register, in the 
instruction itself, or in memory. Zero-operand instruc- 
tions (e.g. NOP and HLT) are usually one byte long. One- 
operand instructions (e.g. INC and DEC) are usually two 
bytes long but some are encoded in only one byte. One- 
operand instructions may reference a register or mem- 
ory location. Two-operand instructions permit the follow- 
ing six types of instruction operations: 

— Register to Register 
— Memory to Register 
—Immediate to Register 
—Memory to Memory 
— rRegister to Memory 
—Immediate to Memory 



Table 2. Fiags Word Bit Functions 



Bit 
Position 


Name 


Function 


0 


CF 


Carry Flag— Set on high-order bit 
carry or borrow; cleared otherwise 


2 


PF 


Parity Flag— Set if low-order 8 bits 
of result contain an even number of 
1 -bits; cleared otherwise 


4 


AF 


Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 


6 


ZF 


Zero Flag-Set if result is zero; 
cleared otherwise 


7 


SF 


Sign Flag— Set equal to high-order 
bit of result (0 if positive, 1 if negative) 


11 


OF 


Overflow Flag— Set if result is a too- 
large positive number or a too-small 
negative number (excluding sign-bit) 
to fit in destination operand; cleared 
otherwise 


8 


TF 


Single Step Flag— Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 


9 


IF 


Interrupt-enable Flag— When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 


10 


DF 


Direction Flag— Causes string 
instructions to auto decrement 
the appropriate index registers 
when set. Clearing DF causes 
auto increment. 
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Two-operand instructions (e.g. MOV and ADD) are usu- 
ally three to six bytes long. Memory to memory opera- 
tions are provided by a special class of string instructions 
requiring one to three bytes. For detailed instruction for- 
mats and encodings refer to the instruction set summary 
at the end of this document. 

For detailed operation and usage of each instruction, set 
Appendix of iAPX 286 Programmer's Reference Manual 
(Order No. 210498) 



GENERAL PURPOSE 


MOV 


Move byte or word 


PUSH 


Push word onto stack 


POP 


Pop word off stack 


PUSHA 


Push all registers on stack 


POPA 


Pop all registers from stack 


XCHG 


Exchange byte or word 


XLAT 


Translate byte 


INPUT/OUTPUT 


IN 


Input byte or word 


OUT 


Output byte or word 


ADDRESS OBJECT 


LEA 


Load effective address - 


LDS 


Load pointer using DS 


LES 


Load pointer using ES 


FLAG TRANSFER 


LAHF 


Load AH register from flags 


SAHF 


Store AH register in flags 


PUSHF 


Push flags onto stack 


POPF 


Pop flags off stack 



Figure 4a. Data Transfer Instructions 



MOVS 


Move byte or word string 


INS 


Input bytes or word string 


OUTS 


Output bytes or word string 


CMPS 


Compare byte or word string 


SCAS 


Scan byte or word string 


LODS 


Load byte or word string 


STOS 


Store byte or word string 


REP 


Repeat 


REPE/REPZ 


Repeat while equal/zero 


REPNE/REPNZ 


Repeat while not equal/not zero 



Figure 4c. String Instructions 
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ADDITION 


ADD 


Add byte or word 


ADC 


Add byte or word with carry 


INC 


Increment byte or word by 1 


AAA 


ASCII adjust for addition 


DAA 


Decimal adjust for addition 


SUBTRACTION 


SUB 


Subtract byte or word 


SBB 


Subtract byte or word with borrow 


DEC 


Decrement byte or word by 1 


NEG 


Negate byte or word 


CMP 


Compare byte or word 


AAS 


ASCII adjust for subtraction 


DAS 


Decimal adjust for subtraction 


MULTIPLICATION 


MUL 


Multiply byte or word unsigned 


IMUL 


Integer multiply byte or word 


AAM 


ASCII adjust for multiply 


DIVISION 


DIV 


Divide byte or word unsigned 


IDIV 


Integer divide byte or word 


AAD 


ASCII adjust for division 


CBW 


Convert byte to word 


CWD 


Convert word to doubleword 



Figure 4b. Arithmetic Instructions 



LOGICALS 


NOT 


"Not" byte or word 


AND 


'And" byte or word 


OR 


"Inclusive or" byte or word 


XOR 


"Exclusive or" byte or word 


TEST 


"Test" byte or word 


SHIFTS 


SHL/SAL 


Shift logical/arithmetic left byte or word 


SHR 


Shift logical right byte or word 


SAR 


Shift arithmetic right byte or word 


ROTATES 


ROL 


Rotate left byte or word 


ROR 


Rotate right byte or word 


RCL 


Rotate through carry left byte or word 


RCR 


Rotate through carry right byte or word 



Figure 4d. Shift/Rotate/Logical Instructions 
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CONDITIONAL TRANSFERS 


UNCONDITIONAL TRANSFERS 


JA/JNBE 


Jump if above/not below nor equal 


CALL 


Call procedure 


JAE/JNB 


Jump if above or equal/not below 


RET 


Return from procedure 


JB/JNAE 


Jump if below/not above nor equal 


JMP 


Jump 


JBE/JNA 


Jump if below or equal/not above 


JC 


Jump if carry 


ITERATION CONTROLS 


JE/JZ 


Jump if equal/zero 


LOOP 


Loop 


JG/JNLE 


Jump if greater/not less nor equal 


JGE/JNL 


Jump if greater or equal/not less 


LOOPE/LOQPZ 


Loop if equal/zero 


JL/JNGE 


Jump if less/not greater nor equal 


LOOPNE/LOOPNZ 


Loop if not equal/not zero 


JLE/JNG 


Jump if less or equal/not greater 


JCXZ 


Jump if register CX = 0 


JNC 


Jump if not carry 


JNE/JNZ 


Jump if not equal/not zero 


INTERRUPTS 


JNO 


Jump if not overflow 


INT 


Interrupt 


JNP/JPO 


Jump if not parity/parity odd 


JNS 


Jump if not sign 


INTO 


Interrupt if overflow 


JO 


Jump if overflow 


IRET 


Interrupt return 


JP/JPE 


Jump if parity/parity even 


JS 


Jump if sign 



Figure 4e. Program Transfer Instructions 



FLAG OPERATIONS 


STC 


Set carry flag 


CLC 


Clear carry flag 


CMC 


Complement carry flag 


STD 


Set direction flag 


CLD 


Clear direction flag 


STI 


Set interrupt enable flag 


CLI 


Clear interrupt enable flag 


EXTERNAL SYNCHRONIZATION 


HLT 


Halt until interrupt or reset 


WAIT 


Wait for BUSY not active 


ESC 


Escape to extension processor 


LOCK 


Lock bus during next instruction 


NO OPERATION 


NbP No operation 


EXECUTION ENVIRONMENT CONTROL 


LMSW 


Load machine status word 


SMSW 


Store machine status word 


Figure 4f . Processor Control Instructions 


ENTER 


Format stack for procedure entry 


LEAVE 


Restore stack for procedure exit 


BOUND 


Detects values outside prescribed range 



Memory Organization 

Memory is organized as sets of variable length seg- 
ments. Each segment is a linear contiguous sequence 
of up to 64K (216) 8-bit bytes. Memory is addressed us- 
ing a two-component address (a pointer) that consists 
of a 16-bit segment selector, and a 16-bit offset. The 
segment selector indicates the desired segment in 
memory. The offset component indicates the desired byte 
address within the segment. 



32-BIT POINTER 



OPERAND 
SELECTED 



SELECTED 
SEGMENT 



MEMORY 



Figure 4g. High Level Instructions 



Figure 5. Two Component Address 
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Table 3. Segment Register Selection Rules 



Memory 
Reference Needed 


Segment Register 
Used 


Implicit Segment 
Selection Rule 


Instructions 


Code(CS) 


Automatic with instruction prefetch 


Stack 


Stack (SS) 


All stack pushes and pops. Any memory reference which uses BP as a 
base register. 


Local Data 


Data(DS) 


All data references except when relative to stack or string destination 


External (Global) Data 


Extra (ES) 


Alternate data segment and destination of string operation 



All instructions that address operands in memory must 
specify the segment and the offset. For speed and com- 
pact instruction encoding, segment selectors are usu- 
ally stored in the high speed segment registers. An 
instruction need specify only the desired segment reg- 
ister and an offset in order to address a memory operand. 

Most instructions need not explicitly specify which seg- 
ment register is used. The correct segment register is 
automatically chosen according to the rules of Table 3. 
These rules follow the way programs are written (see 
Figure 6) as independent modules that require areas for 
code and data, a stack, and access to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
To access operands not residing in one of the four 
immediately available segments, a full 32-bit pointer 
or a new segment selector must be loaded. 

Addressing Modes 

The 80286 provides a total of eight addressing modes 
for instructions to specify operands. Two addressing 
modes are provided for instructions that operate on reg- 
ister or immediate operands: 

Register Operand Mode: The operand is located in 
one of the 8 or 16-bit general registers. 

Immediate Operand Mode. The operand is included 
in the instruction. 

Six modes are provided to specify the location of an op- 
erand in a memory segment. A memory operand ad- 
dress consists of two 16-bit components: segment 
selector and offset. The segment selector is supplied by 
a segment register either implicitly chosen by the ad- 
dressing mode or explicitly chosen by a segment over- 
ride prefix. The offset is calculated by summing any 
combination of the following three address elements: 

the displacement (an 8 or 16-bit immediate value 
contained in the instruction) 

the base (contents of either the BX or BP base 
registers) 

the index (contents of either the SI or Dl index registers) 



PROCESS 
STACK 



PROCESS 
DATA 
BLOCK 1 



PROCESS 
DATA 
BLOCK 2 



SEGMENT 
REGISTERS 



I I 

L J 

MEMORY 



Figure 6. Segmented Memory Helps 
Structure Software 

Any carry out from the 16-bit addition is ignored. Eight- 
bit displacements are sign extended to 16-bit values. 

Combinations of these three address elements define 
the six memory addressing modes, described below. 

Direct Mode: The operand's offset is contained in the 
instruction as an 8 or 16-bit displacement element. 

Register Indirect Mode: The operand's offset is in one 
of the registers SI, Dl, BX, or BP. 

Based Mode: The operand's offset is the sum of an 8 or 
16-bit displacement and the contents of a base register 
(BXorBP). 



4-9 



AFN-02060D 



joy* 



iAPX 286/10 



Indexed Mode: The operand's offset is the sum of an 8 
or 16-bit displacement and the contents of an index reg- 
ister (SI or Dl). 

Based Indexed Mode: The operand's offset is the sum 
of the contents of a base register and an index register. 

Based Indexed Mode with Displacement: The oper- 
and's offset is the sum of a base register's contents, an 
index register's contents, and an 8 or 16-bit displacement. 

Data Types 

The 80286 directly supports the following data types: 

Integer: A signed binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 
All operations assume a 2's comple- 
ment representation. Signed 32 and 64- 
bit integers are supported using the iAPX 
286/20 Numeric Data Processor. 

Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or 16-bit word. 

Pointer: A 32-bit quantity, composed of a seg- 
ment selector component and an offset 
component. Each component is a 1 6-bit 
word. 

String: A contiguous sequence of bytes or 

words. A string may contain from 1 byte 
to 64K bytes. 

ASCII: A byte representation of alphanumeric 

and control characters using the ASCII 
standard of character representation. 

BCD: A byte (unpacked) representation of the 

decimal digits 0-9. 

Packed BCD: A byte (packed) representation of two 
decimal digits 0-9 storing one digit in 
each nibble of the byte. 

Floating Point: A signed 32, 64, or 80-bit real number 
representation. (Floating point operands 
are supported using the iAPX 286/20 
Numeric Processor configuration . ) 

Figure 7 graphically represents the data types sup- 
ported by the iAPX 286. 



I/O Space 

The I/O space consists of 64K 8-bit or 32K 16-bit ports. 
I/O instructions address the I/O space with either an 8- 
bit port address, specified in the instruction, or a 16-bit 
port address in the DX register. 8-bit port addresses are 
zero extended such that A 15 -As are LOW. I/O port ad- 
dresses 00F8(H) through 00FF(H) are reserved. 



SIGNED 
BYTE 

SIGN BIT-lu 



UNSIGNED 
BYTE 



SIGNED I 
WORD 



liMSB_j 
MAGNITUDE 

1514 ^ * 



SIGN BIT- 1 1 '-MSB 



+ 3 



SIGNED £1 
DOUBLE 
WORD' 

SIGN BIT-J^I-MSB 



E j [ I 1 | 1 I I j I I I | » 1 I | I I I | II I j I I ' | I » I j 



MAGNITUDE 

7 +6 +5 +4 +3 +2 +1 0 
S,QNED 83 48 47 32 31 1618 0 

a? ii i i i T rTTi 



SIGN BIT-V- MSB 



UNSIGNED 
WORD 



M I | I I I | I I I | I I I | 

i'-MSB , 
MAGNITUDE 



«£S M M | IM | 

DECIMAL I — - 1 

BCD 
DIGIT N 

r +N „ 



I I I I I I I 



TTT-I 



(BCD) 



ASCII 



PACKED 
BCD 



j I I I | I I I | 

ASCII 
CHARACTER 

7 +N 0 

m 



BCD BCD 
DIGIT 1 DIGIT 0 

* 1 07 0 ( 
H I M III III M i l l 



| , "| IM l ,M l l 



ASCII ASCII 
CHARACTER, CHARACTERo 

7 +1 07 0 0 

I i n in i n i i ii 1 1 1 



MOST 

SIGNIFICANT DIGIT 



LEAST 
SIGNIFICANT DIGIT 



7/15 0 7/15 w 0 

M l I I I I II I I M i l I 



.rTTTTTTTJ 

BYTE/WORD N BYTE/WORD 1 BYTE/WORD 0 

31 + 3 + 2 1615 + 1 0 0 

* | ' " I ' " | " ' I " I | ' M [' ' ' | rrP | 

I I I 

SELECTOR OFFSET 
+9 +8 +7 +6 +5 +4 ^3 +2 +1 



«S | I I I I I I I I I 



EXPONENT MAGNITUDE 
'Supported by iAPX 286/20 Numeric Data Processor Configuration 



Figure 7. iAPX 286 Supported Data Types 
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Table 4. Interrupt Vector Assignments 



Function 


inierrupi 
Number 


rieiaiea 
Instructions 


Does Return Address 
Point to Instruction 
Causing Exception? 


Divide error exception 


0 


DIV, IDIV 


v Yes 


Single step interrupt 


1 


All 




NMI interrupt 


2 


INT 2 or NMI pin 




Breakpoint interrupt 


3 


INT 3 




INTO detected overflow exception 


4 


INTO 


No 


BOUND range exceeded exception 


5 


BOUND 


Yes 


Invalid opcode exception 


6 


Any undef ined opcode 


Yes 


Processor extension not available exception 


7 


ESC or WAIT 


Yes 


Intel reserved-do not use 


8-15 






Processor extension error interrupt 


16 


ESC or WAIT 




lintel reserved-do not use 


17-31 






User defined 


32-255 







Interrupts 

An interrupt transfers execution to a new program loca- 
tion. The old program address (CS:IP) and machine state 
(Flags) are saved on the stack to allow resumption 
of the interrupted program. Interrupts fall into three 
classes: hardware initiated, INT instructions, and instruc- 
tion exceptions. Hardware initiated interrupts occur 
in response to an external input and are classified 
as non-maskable or maskable. Programs may cause 
an interrupt with an JNT instruction. Instruction excep- 
tions occur when an unusual condition, which pre- 
vents further instruction processing, is detected while 
attempting to execute an instruction. The return ad- 
dress from an exception will always point at the in- 
struction causing the exception and include any leading 
instruction prefixes. 

A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 0- 
31 , some of which are used for instruction exceptions, 
are reserved. For each interrupt, an 8-bit vector must be 
supplied to the 80286 which identifies the appropriate 
table entry. Exceptions supply the interrupt vector inter- 
nally. INT instructions contain or imply the vector and 
allow access to all 256 interrupts. Maskable hardware 
initiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. Non- 
maskable hardware interrupts use a predefined inter- 
nally supplied vector. 

MASKABLE INTERRUPT (INTR) 

The 80286 provides a maskable hardware interrupt re- 
quest pin, INTR. Software enables this input by setting 



the interrupt flag bit (IF) in the flag word. All 224 user- 
defined interrupt sources can share this input, yet they 
can retain separate interrupt handlers. An 8-bit vector 
read by the CPU during the interrupt acknowledge se- 
quence (discussed in System Interface section) identi- 
fies the source of the interrupt. 

Further maskable interrupts are disabled while servic- 
ing an interrupt by resetting the IF but as part of the 
response to an interrupt or exception. The saved flag 
word will reflect the enable status of the processor prior 
to the interrupt. Until the flag word is restored to the flag 
register, the interrupt flag will be zero unless specifically 
set. The interrupt return instruction includes restoring 
the flag word, thereby restoring the original status of IF. 

NON-MASKABLE INTERRUPT REQUEST (NMI) 

A non-maskable interrupt input (NMI) is also provided. 
NMI has higher priority than INTR, A typical use of NMI 
would be to activate a power failure routine. The activa- 
tion of this input causes an interrupt with an internally 
supplied vector value of 2. No external interrupt ac- 
knowledge sequence is performed. 

While executing the NMI servicing procedure, the 80286 
will service neither further NMI requests, INTR re- 
quests, nor the processor extension segment overrun 
interrupt until an interrupt return (IRET) instruction is ex- 
ecuted or the CPU is reset. If NMI occurs while currently 
servicing an NMI, its presence will be saved for servic- 
ing after executing the first IRET instruction. IF is cleared 
at the beginning of an NMI interrupt to inhibit INTR 
interrupts. 
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SINGLE STEP INTERRUPT 

The 80286 has an internal interrupt that allows pro- 
grams to execute one instruction at a time, it is called the 
single step interrupt and is controlled by the single step 
flag bit (TF) in the flag word. Once this bit is set, an inter- 
nal single step interrupt will occur after the next instruc- 
tion has been executed. The interrupt clears the TF bit 
and uses an internally supplied vector of 1 . The I RET 
instruction is used to set the TF bit and transfer control 
to the next instruction to be single stepped. 

Interrupt Priorities 

When simultaneous interrupt requests occur, they are 
processed in a fixed order as shown in Table 5. Interrupt 
processing involves saving the flags, return address, and 
setting CS:IP to point at the first instruction of the inter- 
rupt handler. If other interrupts remain enabled they are 
processed before the first instruction of the current in- 
terrupt handler is executed. The last interrupt processed 
is therefore the first one serviced. 

Table 5. Interrupt Processing Order 



Order 


Interrupt 


1 


Instruction exception 


2 


Single step 


3 


NMI 


4 


Processor extension segment overrun 


5 


INTR 


6 


INT instruction 



Initialization and Processor Reset 

Processor initialization or start up is accomplished by 
driving the RESET input pin HIGH. RESET forces the 
80286 to terminate all execution and local bus activity. 
No instruction or bus activity will occur as long as RE- 
SET is active. After RESET becomes inactive and an 
internal processing interval elapses, the 80286 begins 
execution in real address mode with the instruction at 
physical location FFFFFO(H). RESET also sets some 
registers to predefined values as shown as shown in 
Table 6. 



Table 6. 80286 Initial Register State after RESET 



Flag word 


0002(H) 


Machine Status Word 


FFF0(H) 


Instruction pointer 


FFF0(H) 


Code segment 


F000(H) 


Data segment 


0000(H) 


Extra segment 


0000(H) 


Stack segment 


0000(H) 



Machine Status Word Description 

The machine status word (MSW) records when a task 
switch takes place and controls the operating mode of 
the 80286. It is a 16-bit register of which the lower four 
bits are used. One bit places the CPU into protected 
mode, while the other three bits, as shown in Table 7, 
control the processor extension interface. After RESET, 
this register contains FFFO(H) which places the 80286 
in iAPX 86 real address mode. 

Table 7. MSW Bit Functions 



Bit 
Position 


Name 


Function 


0 


PE 


Protected mode enable places the 
80286 into protected mode and can 
not be cleared except by RESET. 


1 


MP 


Monitor processor extension al- 
lows WAIT instructions to cause a 
processor extension not present 
exception (number 7). 


2 


EM 


Emulate processor extension 
causes a processor extension not 
present exception (number 7) on 
ESC instructions to allow emulat- 
ing a processor extension. 


3 


TS 


Task switched indicates the next 
instruction using a processor ex- 
tension will cause exception 7, al- 
lowing software to test whether the 
current processor extension con- 
text belongs to the current task. 



The LMSW and SMSW instructions can load and store 
the MSW in real address mode. The recommended use 
of TS, EM, and MP is shown in Table 8. 



Table 8. Recommended MSW Encodings For Processor Extension Control 



TS 


MP 


EM 


Recommended Use 


Instructions 

Causing 
Exception 7 


b 


0 


0 


Initial encoding after RESET. iAPX 286 operation is identical to' 
iAPX 86,88. 


None, 


0 


0 


1 


No processor extension is available. Software will emulate its function. 


ESC 


1 


0 


1 


No processor extension is available. Software will emulate its function. The current 
processor extension context may belong to another task. 


ESC 


0 


1 


0 


A processor extension exists. 


None 


1 


1 


0 


A processor extension exists. The current processor extension context may belong to 
another task. The Exception 7^ on WAIT allows software to test for an error pending 
from a previous processor extension operation, 


ESC or 
WAIT 
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Halt 

The HLT instruction stops program execution and pre- 
vents the CPU from using the local bus until restarted. 
Either NMI, INTR with IF = 1 , or RESET will force the 
80286 out of halt. If interrupted, the saved CS:IP will 
point to the next instruction after the HLT. 



iAPX 86 REAL ADDRESS MODE 

The 80286 executes a fully upward-compatible superset 
of the 8086 instruction set in real address mode. In real 
address mode the 80286 is object code compatible with 
8086 and 8088 software. The real address mode archi- 
tecture (registers and addressing modes) is exactly as 
described in the iAPX 286/10 Base Architecture section 
of this Functional Description. 

Memory Size 

Physical memory is a contiguous array of up to 
1,048,576 bytes (on e meg abyte) addressed by pins 
A 0 through A 19 and BHE. A 20 through A 23 may be 
ignored. # 



Memory Addressing 

In real address mode physical memory is a contiguous 
array of up to 1 ,048,576 bytr es (o ne megabyte) addressed 
by pins Aq through A 19 and BHE. A 20 through A 23 may be 
ignored. 

The selector portion of a pointer is interpreted as the 
upper 16 bits of a 20-bit segment address. The lower 
four bits of the 20-bit segment address are always zero. 
Segment addresses, therefore, begin on multiples of 16 
bytes. See Figure 8 for a graphic representation of ad- 
dress formation. 

All segments in real address mode are 64K bytes in size 
and may be read, written, or executed. An exception or 
interrupt can occur if data operands or instructions at- 
tempt to wrap around the end of a segment (e.g. a word 
with its low order byte at offset FFFF(H) and its high 
order byte at offset 0000(H)). If, in real address mode, 
the information contained in a segment does not use the 
full 64K bytes, the unused end of the segment may be 
overlayed by another segment to reduce physical mem- 
ory requirements. 

Reserved Memory Locations 

The 80286 reserves two fixed areas of memory in real 
address mode (see Figure 9); system initialization area 
and interrupt table area. Locations from addresses 
FFFFO(H) thorugh FFFFF(H) are reserved for system 
initialization. Initial execution begins at location FFFFO(H). 
Locations 00000(H) through 003FF(H) are reserved for 
interrupt vectors. 



0000 



OFFSET 



SEGMENT 
SELECTOR 



0000 



OFFSET 
ADDRESS 



SEGMENT 
ADDRESS 



\ ADDER / 



20-BIT PHYSICAL 
MEMORY ADDRESS 



Figure 8. iAPX 86 Real Address Mode Address 
Calculation 











FFFFFH 
FFFF0H 




RESET BOOTSTRAP 
PROGRAM JUMP 
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r 
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3FFH 
3FCH 




INTERRUPT POINTER 
FOR VECTOR 255 










r 




• 


r 
r 












7H 
4H 




INTERRUPT POINTER 
FOR VECTOR 1 




INTERRUPT POINTER 
FOR VECTOR 0 


3H 
OH 











INITIAL CS:IP VALUE IS F000:FFF0. 



Figure 9. iAPX 86 Real Address Mode Initially 
Reserved Memory Locations 
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Table 9. Real Address Mode Addressing Interrupts 



Function 


Interrupt 
Number 


Related 
Instructions 


Return Address 
Before Instruction? 


Interrupt table limit too small exception 


8 


INT vector is not within table limit 


Yes 


Processor extension segment overrun 
interrupt 


9 


ESC with memory operand extend- 
ing beyond offset FFFF(H) 


No 

i _.„ 


Segment overrun exception 


13 


Word memory reference with offset 
= FFFF(H) or an attempt to exe- 
cute past the end of a segment 


Yes 



Interrupts 

Table 9 shows the interrupt vectors reserved for excep- 
tions and interrupts which indicate an addressing error. 
The exceptions leave the CPU in the state existing be- 
fore attempting to execute the failing instruction (except 
for PUSH, POP, PUSHA, or POPA). Refer to the next 
section on protected mode initialization for a discussion 
on exception 8. 

Protected Mode Initialization 

To prepare the 80286 for protected mode, the LIDT in- 
struction is used to load the 24-bit interrupt table base 
and 16-bit limit for the protected mode interrupt table. 
This instruction can also set a base and limit for the in- 
terrupt vector table in real address mode. After reset, 
the interrupt table base is initialized to 000000(H) and 
its size set to 03FF(H). These values are compatible 
with iAPX 86, 88 software. LIDT should only be exe- 
cuted in preparation for protected mode. 

Shutdown 

Shutdown occurs when a severe error is detected that 
prevents further instruction processing by the CPU. 
Shutdown arid halt are externally signalled via a halt bus 
operation. They can be distinguished by A! HIGH for halt 
and Ai LOW for shutdown. In real address mode, shut- 
down can occur under two conditions: 

• Exceptions 8 or 13 happen and the IDT limit does not 
include the interrupt vector. 

• A CALL INT or PUSH instruction attempts to wrap 
, around the stack segment when SP is not even. 

An NMI input can bring the CPU out of shutdown if the 
IDT limit is at least 000F(H) and SP is greater than 
0005(H), otherwise shutdown can only be exited via the 
RESET input. 



PROTECTED VIRTUAL ADDRESS MODE 

The 80286 executes a fully upward-compatible superset 
of the 8086 instruction set in protected virtual address 
mode (protected mode). Protected mode also provides 
memory management and protection mechanisms and 
associated instructions. 

The 80286 enters protected virtual address mode from 
real address mode by setting the PE (Protection En- 
able) bit of the machine status word with the Load Ma- 
chine Status Word (LMSW) instruction. Protected mode 
offers extended physical and virtual memory address 
space, memory protection mechanisms, and new oper- 
ations to support operating systems and virtual memory. 

All registers, instructions, and addressing modes de- 
scribed in the iAPX 286/10 Base Architecture section of 
this Functional Description remain the same. Programs 
for the iAPX 86, 88, 186, and real address mode 80286 
can be run in protected mode; however, embedded con- 
stants for segment selectors are different. 

Memory Size 

The protected mode 80286 provides a 1 gigabyte virtual 
address space per task mapped into a 16 megabyte 
physical address space defined by the address pins A23- 
Aq and BHE. The virtual address space may be larger 
than the physical address space since any use of an 
address that does not map to a physical memory loca- 
tion will cause a restartable exception. 

Memory Addressing 

As in real address mode, protected mode uses 32-bit 
pointers, consisting of 16-bit selector and offset com- 
ponents. The selector, however, specifies an index into 
a memory resident table rather than the upper 16-bits of 
a real memory address. The 24-bit base address of the 
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desired segment is obtained from the tables in memory. 
The 16-bit offset is added to the segment base address 
to form the physical address as shown in Figure 10. The 
tables are automatically referenced by the CPU when- 
ever a segment register is loaded with a selector. All 
iAPX 286 instructions which load a segment register will 
reference the memory based tables without additional 
software. The memotfy based tables contain 8 byte val- 
ues called descriptors. 



DESCRIPTORS 

Descriptors define the use of memory. Special types of 
descriptors also define new functions for transfer of con- 
trol and task switching. The 80286 has segment de- 
scriptors for code, stack and data segments, and system 
control descriptors for special system data segments ana 
control transfer operations. Descriptor accesses are 
performed as locked bus operations to assure descrip- 
tor integrity in multi-processor 1 systems. 



POINTER SELECTOR OFFSET 




SEGMENT BASE 



PHYSICAL MEMORY 
2" % 



SEGMENT 

DESCRIPTOR 

TABLE 



Figure 10. Protected Mode Memory Addressing 



CODE AND DATA SEGMENT DESCRIPTORS (S = 1) 

Besides segment base addresses, code and data de- 
scriptors contain other segment attributes including 
segment size (1 to 64K bytes), access rights (read only, 
read/write, execute only, and execute/read), and pres- 
ence in memory (for virtual memory systems) (See Fig : 
ure 1 1 ). Any segment usage violating a segment attribute 
indicated by the segment descriptor will prevent the 
memory cycle and cause an exception or interrupt. 

Code or Data Segment Descriptor 



+ 7 

ACCESS 

RIGHTS BYTE +S 

+ 3 
+ 1 


I 

INTEL Rl 


r — - 

ESERVED* 


P 


DPL 
1 


S 


TYPE 
• 1 


A 


BASE?3_16 


BASEi5_o 


LIMIT15-0 
l 



•Must be set to 0 for compatabllity with IAPX 386. 



Access Rights Byte Definition 





Bit 
Position 


Name 


Function 




7 


Present (P) 


n n 

CL CL 


1 
0 


Segment is mapped into physical memory. 

No mapping to physical memory exists, base and limit are not used. 




6-5 


Descriptor Privilege 
Level (DPL). 






Segment privilege attribute used in privilege tests. 




r 

c 
o 


4 


Segment Descrip- 
tor (S) 


II II 
CO CO 


1 
0 


Code or Data (includes stacks) segment descriptor 
System Segment Descriptor or Gate Descriptor 




CO CM 


Executable (E) 
Expansion Direc- 
tion (ED) 


E = 
EO 
ED 


0 

= 0 

= 1 


Data segment descriptor type is: ~ 
Expand up segment, offsets must be < limit. 
Expand down segment, offsets must be > limit. 


If 

Data 
. Segment 
(8 = 1, 
E = 0) 


i 


1 


Writeable (W) 


W = 
W = 


0 

1 


Data segment may not be written into. 

Data segment may be written into. _ 


2 
a> 


3 


Executable (E) 


E = 


1 


Code Segment Descriptor type is: — 


If 


Jul 


2 


Conforming (C) 


C = 


1 


Code segment may only be executed when CPL > DPL 
and CPL remains unchanged. 


Code 
_ Segment 


L 


1 


Readable (R) 


R = 
R = 


0 

1 


Code segment may not, be read. 

Code segment may be read. _ 


(8 = 1. 

E = D 


0 


Accessed (A) 


A = 
A = 


0 

1 


Segment has not been accessed. 

Segment selector has been loaded into segment register or used 
by selector test instructions. 



Figure 11. Code and Data Segment Descriptor Formats 
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Code and data (including stack data) are stored in two 
types of segments: code segments and data segments. 
Both types are identified and defined by segment descrip- 
tors (S = 1). Code segments are identified by the execu- 
table (E) bit set to 1 in the descriptor access rights byte. The 
apcess rights byte of both code and data segment descrip- 
tor types have three fields in common: present (P) bit, 
Descriptor Privilege Level (DPL), and accessed (A) bit. 
If P = 0, any attempted use of this segment will cause 
a not-present exception. DPL specifies the privilege level 



System Segment Descriptor 



P DPL 0 . TY f E , 



BASE23-16 



BASE 15 h) 



LMfflis-o 



*Mu*t b« to 0 for compatibility with IAPX 386. 



of the segment descriptor. DPL controls when the descrip- 
tor may be used by a task (refer to privilege discussion 
below). The A bit shows whether the segment has been 
previously accessed for usage profiling, a necessity for 
virtual memory systems. The CPU will always set this bit 
when accessing the descriptor. 

Data segments (S = 1 , E = 0) may be either read-only or 
read-write as controlled by the W bit of the access rights 
byte. Read-only (W=0) data segments may not be writ- 
ten into. Data segments may grow in two directions, as 
determined by the Expansion Direction (ED) bit: up- 
wards (ED = 0) for data segments, and downwards 
(ED = 1 ) for a segment containing a stack. The limit field 
for a data segment descriptor is interpreted differently 
depending on the ED bit (see Figure 1 1 ). 

A code segment (S=1, E=1) may be execute-only 
or execute/read as determined by the Readable (R) 
bit. Code segments may never be written into and 
execute-only code segments (R=0) may not be read. 
A code segment may also have an attribute called 
conforming (C). A conforming code segment may be 
shared by programs that execute at different privi- 
lege levels. The DPL of a conforming code segment 
defines the range of privilege levels at which the 
segment may be executed (refer to privilege discus- 
sion below). The limit field identifies the last byte of 
a code segment. 

SYSTEM SEGMENT DESCRIPTORS (S = 0, TYPE = 1-3) 

In addition to code and data segment descriptors, the pro- 
tected mode 80286 defines System Segment Descriptors. 
These descriptors define special system data segments 
which contain a table of descriptors (Local Descriptor 
Table Descriptor) or segments which contain the execu- 
tion state of a task (Task State Segment Descriptor). 

Figure 12 gives the formats for the special system data 
segment descriptors. The descriptors contain a 24-bit 
base address of the segment and a 16-bit limit. The 
access byte defines the type of descriptor, its state and 
privilege level. The descriptor contents are valid and the 
segment is in physical memory if P = 1 . If P = 0, the 
segment is not valid. The DPL field is only used in Task 
State Segment descriptors and indicates the privilege 
level at which the descriptor may be used (see Privilege). 
Since the Local Descriptor Table descriptor may only be 
used by a special privileged instruction, the DPL field is 
not used. Bit 4 of the access byte is 0 to indicate that it 



System Segment Descriptor Fields 



Name 


Value 


Description 


TYPE 


1 
2 
3 


Available Task State Segment (TSS1 

Local Descriptor Table 

Busy Task State Segment (TSS) 


P 


0 
1 


Descriptor contents are not valid 
Descriptor contents are valid 


DPL 


0-3 


Descriptor Privilege Level 


BASE 


24-bit 
number 


Base Address of special system data 
segment in real memory 


LIMIT 


16-bit 
number 


Offset of last byte in segment 



Figure 12. System Segment Descriptor Format 



is a system control descriptor. The type field specifies 
the descriptor type as indicated in Figure 12. 

GATE DESCRIPTORS (S = 0, TYPE = 4-7) 

Gates are used to control access to entry points within 
the target code segment. The gate descriptors are call 
gates, task gates, interrupt gates and trap, gates. Gates 
provide a level of indirection between the source and 
destination of the control transfer. This indirection allows 
the CPU to automatically perform protection checks and 
control entry point of the destination. Call gates are used 
to change privilege levels (see Privilege), task gates are 
used to perform a task switch, and interrupt and trap 
gates are used to specify interrupt service routines. The 
interrupt gate disables interrupts (resets IF) while the 
trap gate does not. 

Figure 13 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to 
the descriptor of the target segment and the entry point 
offset. The destination selector in an interrupt gate, trap 
gate, and call gate must refer to a code segment de- 
scriptor. These gate descriptors contain the entry point 
to prevent a program from constructing and using ah 
illegal entry point. Task gates may only refer to a task 
state segment. Since task gates invoke a task switch, 
the destination offset is not used in the task gate. 

Exception 13 is generated when the gate is used if a 
destination selector does not refer to the correct de- 
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Gate Descriptor 



INTEL RE 


SERVED* 


P 


DPL 

1 


0 


TYPE 

1 1 l 


XXX 
1 i 


WORD 
COUNT4-0 


DESTINATION SELECTOR15-2 
1 


X X 
1 


DESTINATION OFFSET 15 _o 

» 



*Mu»t b* to 0 for compatibility with IAPX 386. (X it don't care) 



Gate Descriptor Fields 



Name 


Value 


Description 


TYPE 


4 

5 
6 
7 


-Call Gate 
-Task Gate 
-Interrupt Gate 
-Trap Gate 


P 


0 
1 


-Descriptor Contents-are not 
valid 

-Descriptor Contents are 
valid 


DPL 


0-3 


Descriptor Privilege Level 


WORD 
COUNT 


0-31 


Number of words to copy 
from callers stack to called 
procedures stack. Only used 
with call gate. 


DESTINATION 
SELECTOR 


16-bit 
selector 


Selector to the target code 
segment (Call, Interrupt or 
Trap Gate) 

Selector to the target task 
state segment (Task Gate) 


DESTINATION 
OFFSET 


16-bit 
offset 


Entry point within the target 
code segment 



Figure 13. Gate Descriptor Format 

scriptor type. The word count field is used in the call gate 
descriptor to indicate the number of parameters (0-31 
words) to be automatically copied from the caller's stack 
to the stack of the called routine when a control transfer 
changes privilege levels. The word count field is not used 
by any other gate descriptor. 

The access byte format is the same for all gate descrip- 
tors. P = 1 indicates that the gate contents are valid. P 
= 0 indicates the contents are not valid and causes ex- 



ception 11 if referenced. DPL is the descriptor privilege 
level and specifies when this descriptor may be used by 
a task (refer to privilege discussion below). Bit 4 must 
equal 0 to indicate a system control descriptor. The type 
field specifies the descriptor type as indicated in Figure 
13. 

SEGMENT DESCRIPTOR CACHE REGISTERS 

A segment descriptor cache register is assigned to each 
of the four segment registers (CS, SS, DS, ES). Segment 
descriptors are automatically loaded (cached) into a seg- 
ment descriptor cache register (Figure 1 4) whenever the 
associated segment register is loaded with a selector. 
Only segment descriptors may be loaded into segment 
descriptor cache registers. Once loaded, all references 
to that segment of memory use the cached descriptor 
information instead of reaccessing the descriptor. The 
descriptor cache registers are not visible to programs. 
No instructions exist to store their contents. They only 
change when a segment register is loaded. 

SELECTOR FIELDS 

A protected mode selector has three fields: descriptor 
entry index, local or global descriptor table indicator (Tl), 
and selector privilege (RPL) as shown in Figure 15. These 
fields select one of two memory based tables of descrip- 
tors, select the appropriate table entry and allow high- 
speed testing of the selector's privilege attribute (refer 
to privilege discussion below). 





15 


3 2 10 


BITS 


NAME 


FUNCTION 


1-0 


REQUESTED 
PRIVILEGE 
LEVEL 
(RPL) 


INDICATES SELECTOR PRIVILEGE 
LEVEL DESIRED 


2 


TABLE 

INDICATOR 

(Tl) 


Tl = 0 USE GLOBAL DESCRIPTOR TABLE 
(GDT) 

Tl = 1 USE LOCAL DESCRIPTOR TABLE 
(LDT) 


15-3 


INDEX 


SELECT DESCRIPTOR ENTRY IN TABLE 



Figure 15. Selector Fields 





PROGRAM VISIBLE 


r 




PROGRAM INVISIBLE 




1 




SEGMENT SELECTORS 




ACCESS 
RIGHTS 


SEGMENT PHYSICAL BASE ADDRESS SEGMENT SIZE 




CS 














DS 














SS 














ES 














15 


) ' 47 40 39 16 15 






SEGMENT REGISTERS 
(LOADED BY PROGRAM) 


L . 




SEGMENT DESCRIPTOR CACHE REGISTERS 
(AUTOMATICALLY LOADED BY CPU) 


J 



Figure 14. Descriptor Cache Registers 
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LOCAL AND GLOBAL DESCRIPTOR TABLES 

Two tables of descriptors, called descriptor tables, con- 
tain all descriptors accessible by a task at any given time. 
A descriptor table is a linear array of "up to 81 92 descrip- 
tors. The upper 13 bits of the selector value are an index 
into a descriptor table. Each table has a 24-bit base reg- 
ister to locate the descriptor table in physical memory 
and a 16-bit limit register that confine descriptor access 
to the defined limits of the table as shown in Figure 1 6. A 
restartable exception (13) will occur if an attempt is made 
to reference a descriptor outside the table limits. 

One table, called the Global Descriptor Table (GDT), 
contains descriptors available to all tasks. The other ta- 
ble, called the Local Descriptor Table (LDT), contains 
descriptors that can be private to a task. Each task may 
have its own private LDT. The GDT may contain all de- 
scriptor types except interrupt and trap descriptors. The 
LDT may contain only segment, task gate, and call gate 
descriptors. A segment cannot be accessed by a task if 
its segment descriptor does not exist in either descriptor 
table at the time of access. 



-X, MEMORY ^ 



GDT BASE 
24-BIT PHYS AD. 



deIcr. 
lELgcjQBi 



LDT BASE 
24-BIT PHYS AD. 



PROGRAM INVISIBLE | 
(AUTOMATICALLY | 
LOADED | 
FROM LDT DESCR. | 
WITHIN GDT) | 
I 



k CURRENT 
' LDT 



ill 

2 5 < 



Figure 16. Local and Global Descriptor 
Table Definition 

The LGDT and LLDT instructions load the base and limit 
of the global and local descriptor tables. LGDT and LLDT 
are privileged, i.e. they may only be executed by trusted 
programs operating at level 0. The LGDT instruction loads 
a six byte field containing the 1 6-bit table limit and 24-bit 
physical base address of the Global Descriptor Table as 
shown in Figure 1 7. The LDT instruction loads a, selector 
which refers to a Local Descriptor Table descriptor con- 
taining the base address and limit for an LDT, as shown 
in Figure 12. 





7 0 


7 0 




+ 5 


INTEL RESERVED* 


BASE23-I6 


+ 4 


+ 3 


BASEi 5 _o 
1 


+ 2 


+ 1 


LIMIT15-0 
1 


0 


IS 8 


7 0 




'Must be set to 0 for compatabllity wit 


h IAPX 386. 





Figure 17. Global Descriptor Table and Interrupt 
Descriptor Table Data Type 

INTERRUPT DESCRIPTOR TABLE 

The protected mode 80286 has a third descriptor table, 
called the Interrupt Descriptor Table (IDT) (see Figure 
1 8), used to define up to 256 interrupts. It may contain 
only task gates, interrupt gates and trap gates. The IDT 
(Interrupt Descriptor Table) has a 24-bit physical base 
and 16-bit limit register in the CPU. The privileged LIDT 
instruction loads these registers with a six byte value of 
identical form to that of the LGDT instruction (see Figure 
17 and Protected Mode Initialization). 



GATE FOR 
INTERRUPT #n 



GATE FOR 
INTERRUPT #n-1 



GATE FOR 
INTERRUPT #1 



GATE FOR 
INTERRUPT #0 



INTERRUPT 
DESCRIPTOR 
TABLE 
(IDT) 



ill 



Figure 18. Interrupt Descriptor Table Definition 

References to IDT entries are made via INT instruc-' 
tions, external interrupt vectors, or exceptions. The IDT 
must be at least 256 bytes in size to allocate space for 
all reserved interrupts. 

Privilege 

The 80286 has a four-level hierarchical privilege system 
which controls the use of privileged instructions and ac- 
cess to descriptors (and their associated segments) within 
a task. Four-level privilege, as shown in Figure 19, is an 
extension of the user/supervisor mode commonly found 
in minicomputers. The privilege levels are numbered 0 
through 3. Level 0 is the most privileged level. Privilege 
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NOTE: PL BECOMES NUMERICALLY LOWER AS PRIVILEGE LEVEL 
INCREASES / 



Figure 19. Hierarchical Privilege Levels 

levels provide protection within a task. (Tasks are isolated 
by providing private LDT's for each task.) Operating 
system routines, interrupt handlers, and other system soft- 
ware can be included and protected within the virtual 
address space of each task using the four levels of privi- 
lege. Each task in the system has a separate stack for 
each of its privilege levels. 

Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be 
used. Task privilege effects the use of instructions and 
descriptors. Descriptor and selector privilege only effect 
access to the descriptor. 

TASK PRIVILEGE 

A task always executes at one of the four privilege 
levels. The task privilege level at any specific instant 
is callep! the Current Privilege Level (CPL) and is 
defined by the lower two bits of the CS register. CPL 
cannot change during execution in a single code seg- 
ment. A task's CPL may only be changed by control 
transfers through gate descriptors to a new code 
segment (See Control Transfer). Tasks begin executing 
at the CPL value specified by the code segment selec- 
tor within TSS when the task is initiated via a task 
switch operation (See Figure 20). A task executing at 
Level 0 can access all data segments defined in the 
GDT and the task's LDT and is considered the most 
trusted level. A task executing a Level 3 has the most 
restricted access to data and is considered the least 
trusted level. 

DESCRIPTOR PRIVILEGE 

Descriptor privilege is specified by the Descriptor Privi- 



lege Level (DPL) field of the descriptor access byte. DPL 
specifies the least trusted task privilege level (CPL) at 
which a task may access the descriptor. Descriptors with 
DPL = 0 are the most protected. Only tasks executing 
at privilege level 0 (CPL = 0) may access them. De- 
scriptors with DPL = 3 are the least protected (i.e. have 
the least restricted access) since tasks can access them 
when CPL = 0, 1 , 2, or 3. This rule applies to all descrip- 
tors, except LDT descriptors. 



SELECTOR PRIVILEGE 

Selector privilege is specified by the Requested Privi- 
lege Level (RPL) field in the least significant two bits of a 
selector. Selector RPL may establish a less trusted priv- 
ilege level than the current privilege level for the use of a 
selector. This level is called the task's effective privilege 
level (EPL). RPL can only reduce the scope of a task's 
access to data with this selector. A task's effective privi- 
lege is the numeric maximum of RPL and CPL. A selec- 
tor with RPL = 0 imposes no additional restriction on its 
use while a selector with RPL = 3 can only refer to seg- 
ments at privilege Level 3 regardless of the task's CPL. 
RPL is generally used to verify that pointer parameters 
passed to a more trusted procedure are not allowed to 
use data at a more privileged level than the caller (refer 
to pointer testing instructions). 



Descriptor Access and Privilege Validation 

Determining the ability of a task to access a segment 
involves the type of segment to be accessed, the in- 
struction used, the type of descriptor used and CPL, 
RPL, and DPL. The two basic types of segment ac- 
cesses are control transfer (selectors loaded into CS) 
and data (selectors loaded into DS, ES or SS). 



DATA SEGMENT ACCESS 

Instructions that load selectors into DS and ES must 
refer to a data segment descriptor or readable code seg- 
ment descriptor. The CPL of the task and the RPL of the 
selector must be the same as or more privileged (nu- 
merically equal to or lower than) than the descriptor DPL. 
In general, a task can only access data segments at the 
same or less privileged levels than the CPL or RPL 
(whichever is numerically higher) to prevent a program 
from accessing data it cannot be trusted to use. 

An exception to the rule is a readable conforming code 
segment. This type of code segment can be read from 
any privilege level. 

If the privilege checks fail (e.g. DPL is numerically less 
than the maximum of CPL and RPL) or an incorrect type 
of descriptor is referenced (e.g. gate descriptor or exe- 
cute only code segment) exception 1 3 occurs. If the seg- 
ment is not present, exception 11 is generated. 
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Instructions that load selectors into SS must refer to data 
segment descriptors for writable data segments. The 
descriptor privilege (DPL) and RPL must equal CPL. All 
other descriptor types or a privilege level violation will 
cause exception 13. A not present fault causes excep- 
tion^. 

CONTROL TRANSFER 

Four types of control transfer can occur when a selector 
i s loaded into CS by a control transfer operation (see 
Table 10). Each transfer type can only occur if the oper- 
ation which loaded the selector references the correct 
descriptor type. Any violation of these descriptor usage 
rules (e.g. JMP through a call gate or RET to a Task State 
S egment) will cause exception 13. 

T he ability to reference a descriptor for control transfer 
h; also subject to rules of privilege. A CALL or JUMP 
instruction may only reference a code segment descrip- 
tor with DPL equal to the task CPL or a conforming seg- 
ment with DPL of equal or greater privilege than CPL. 
The RPL of the selector used to reference the code de- 
scriptor must have as much privilege as CPL. 

RET and IRET instructions may only reference code 
segment descriptors with descriptor privilege equal to or 
less privileged than the task CPL. The selector loaded 
into CS is the return address from the stack. After the 
return, the selector RPL is the task's new CPL. If CPL 
changes, the old stack pointer is popped after the return 
address. 

When a JMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less 
privileged than the task's CPL. Reference to a valid Task 



State Segment descriptor causes a task switch (see Task 
Switch' Operation). Reference to a Task State Segment 
descriptor at a more privileged level than the task's CPL 
generates exception 13. 

When an instruction or interrupt references a gate de- 
scriptor, the gate DPL must have the same' or less privi- 
lege than the task CPL. If DPL is at a more privileged 
level than CPL, exception 13 occurs, If the destination 
selector contained in the gate references a code seg- 
ment descriptor, the code segment descriptor DPL must 
be the same or more privileged than the task CPL. If not, 
Exception 13 is issued. After the control transfer, the 
code segment descriptors DPL is the task's new CPL. If 
the destination selector in the gate references a task 
state segment, a task switch is automatically performed 
(see Task Switch Operation). 

The privilege rules on control transfer require: 
—JMP or CALL direct to a code segment (code seg- 
ment descriptor) can only be to a conforming segment 
with DPL of equal or greater privilege than CPL or a 
non-conforming segment at the same privilege level. 

—interrupts within the task or calls that may change 
privilege levels, can only transfer control through a 
gate at the same or a less privileged level than CPL to 
a code segment at the same or more privileged level 
than CPL. 

—return instructions that don't switch tasks can only re- 
turn control to a code segment at the same or less 
privileged level. 

— task switch can be performed by a call, jump or inter- 
rupt which references either a task gate or task state 
segment at the same or less privileged level. 



Table 10. Descriptor Types Used for Control Transfer 



Control Transfer Types 


Operation Types 


Descriptor 
Referenced 


Descriptor 
Table 


Intersegment within the same privilege level 


JMP, CALL, RET, IRET* 


Code Segment 


GDT/LDT 


Intersegment to the same or higher privilege level Interrupt 
within task may change CPL. 


CALL 


Call Gate 


GDT/LDT 


Interrupt Instruction, 
Exception, External 
Interrupt 


Trap or 

Interrupt 

Gate 


IDT 


Intersegment to a lower privilege level (changes task CPL) 


RET, IRET* 


Code Segment 


GDT/LDT 


Task Switch 


CALL, JMP 


Task State 
Segment 


GDT 


CALL, JMP 


Task Gate 


GDT/LDT 


IRET** 

Interrupt Instruction, 
Exception, External 
Interrupt 


Task Gate 


IDT 



*NT (Nested Task bit of flag word) = 0 
'* NT (Nested Task bit of flag word) = 1 
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PRIVILEGE LEVEL CHANGES 

Any control transfer that changes CPL within the task, 
causes a change of stacks as part of the operation . Initial 
values of SS:SP for privilege levels 0, 1 , and 2 are kept 
in the task state segment (refer to Task Switch Opera- 
tion). During a JMP or CALL control transfer, the new 
stack pointer is loaded into the SS and SP registers and 
the previous stack pointer is pushed onto the new stack. 

When returning to the original privilege level, its stack is 
restored as part of the RET or IRET instruction opera- 
tion. For subroutine calls that pass parameters on the 
stack and cross privilege levels, a fixed number of words, 
as specified in the gate, are copied from the previous 
stack to the current stack. The inter-segment RET in- 
struction with a stack adjustment value will correctly re- 
store the previous stack pointer upon return. 

Protection 

The 80286 includes mechanisms to protect critical in- 
structions that affect the CPU execution state (e.g. HLT) 
and code or data segments from improper usage. These 
protection mechanisms are grouped into three forms: 

Restricted usage of segments (e.g. no write allowed 
to read-only data segments). The only segments 
available for use are defined by descriptors in the Lo- 
cal Descriptor Table (LDT) and Global Descriptor Ta- 
ble (GDT). 

Restricted access to. segments via the rules of privi- 
lege and descriptor usage. 

Privileged instructions or operations that may only be 
executed at pertain privilege levels as determined by 
the CPL and I/O Privilege Level (IOPL). The IOPL is 
- defined by bits 14 and 13 of the flag word. 

These checks are performed for all instructions and can 
be split into three categories: segment load checks (Ta- 
ble 11), operand reference checks (Table 12), and privi- 
leged instruction checks (Table 13). Any violation of the 
rules shown will result in an exception. A not-present 
exception related to the stack segment causes excep- 
tion^. 

The IRET and POPF instructions do not perform some of 
their defined functions if CPL is not of sufficient privilege 
(numerically small enough). Precisely these are: 

• The IF bit is not changed if CPL > IOPL 

• The IOPL field of the flag word is not changed if CPL > 0. 

No exceptions or other indication are given when these 
conditions occur. 



Table 11 

Segment Register Load Checks 



Error Description 


Exception 
Number 


Descriptor table limit exceeded 


13 


Segment descriptor not-present 


11or12 


Privilege rules violated 


13 


Invalid descriptor/segment type seg- 
mem register \oau . 
—Read only data segment load to 
SS 

—Special control descriptor load to 

DS, ES, SS 
— Execute only segment load to 

DS, ES, SS 
—Data segment load to CS 
—Read/Execute code segment 

load to SS 


13 


Table 12 Operand Reference Checks 


Error Description 


Exception 
Number 


Write into code segment 
Read from execute-only code 
segment 

WTite to read-only data segment 
Segment limit exceeded 1 


CO 

o 

CO CO CO CM 


Note 1 : Carry out in offset calculations is ignored. 

Table 13. Privileged Instruction Checks 


Error Description 


Exception 
Number 


CPL M= 0 when executing the following 
instructions: 

LIDT, LLDT, LGDT, LTR, LMSW, 

CTS, HLT 


13 


CPL > IOPL when executing the fol- 
lowing instructions: 

INS, IN, OUTS, OUT, STI, CLI, 

LOCK 


13 



EXCEPTIONS 

The 80286 detects several types of exceptions and inter- 
rupts, in protected mode (see Table 1 4). Most are restart- 
able after the exceptional condition is removed. Interrupt 
handlers for most exceptions can read an error code, 
pushed on the stack after the return address, that identi- 
fies the selector involved (0 if none). The return address 
normally points to the failing instruction, including all 
leading prefixes. For a processor extension segment over- 
run exception, the return address will not point at the 
ESC instruction that caused the exception; however, the 
processor extension registers may contain the address 
of the failing instruction. 
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Table 14. Protected Mode Exceptions 



Interrupt 
Vector 


Function 

1 IIIIVIIVII 


Return 
Address 
At Failing 
Instruction? 


Always 
Restart- 
able? 


Error 
Code 
on Stack? 


8 


Double exception detected 


Ye? 


No 2 


Yes 


9 


Processor extension segment overrun 


No 


No 2 


No 


10 


Invalid task state segment 


Yes 


Yes 


Yes 


11 


Segment not present 


Yes 


Yes 


Yes 


12 


Stack segment overrun or stack segment not present 


Yes 


Yes 1 


Yes 


13 


General protection 


Yes 


N02 


Yes 



NOTE 1: When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the 
exception will not be restartable because stack segment wrap around is not permitted. This condition is identified 
by the value of the saved SP being eigher 0000(H), 0001 (H), FFFE(H),.or FFFF(H). 

NOTE 2: These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not 
attempted under those conditions. 



These exceptions indicate a violation to privilege rules 
or usage rules has occurred. Restart is generally not 
attempted under those conditions. 

All these checks are performed for all instructions and 
can be split into three categories: segment load checks 
(Table 11), operand reference checks (Table 12), and 
privileged instruction checks (Table 13). Any violation 
of the rules shown will result in an exception. A 
not-present exception causes exception 1 1 or 1 2 and 
is restartable. 

Special Operations 

TASK SWITCH OPERATION 

The 80286 provides a built-in task switch operation which 
saves the entire 80286 execution state (registers, ad- 
dress space, and a link to the previous task), loads a 
new execution state, and commences execution in the 
new task. Like gates, the task switch operation is in- 
voked by executing an inter-segment JMP or CALL in- 
struction which refers to a Task State Segment (TSS) or 
task gate descriptor in the GDT or LDT. An INT n instruc- 
tion, exception, or external interrupt may also invoke the 
task switch operation by selecting a task gate descriptor 
in the associated IDT descriptor entry. 

The TSS descriptor points at a segment (see Figure 20) 
containing the entire 80286 execution state while a 
task gate descriptor contains a TSS selector. The limit 
field of the descriptor must be >002B(H). 

Each task must have a TSS associated with it. The cur- 
rent TSS is identified by a special register in the 80286 
called the Task Register (TR). This register contains a 
selector referring to the task state segment descriptor 
that defines the current TSS. A hidden .base and limit 
register associated with TR are loaded whenever TR is 
loaded with a new selector. 

The IRET instruction is used to return control to the 
task ^that called the current task or was interrupted. 
Bit 1 4 in the flag egister is called the Nested Task (NT) 
bit. It controls the function of the IRET instruction. If 
NT = 0, the IRET instruction performs the regular cur- 
rent task return by popping values off the stack; when 



NT = 1 , IRET performs a task switch operation back 
to the previous task. 

When a CALL, JMP, or INT instruction initiates a task 
switch, the old and new TSS will be marked busy and 
the back link field of the new TSS set to the old TSS 
selector. The NT bit of the new task is set by CALL or 
INT initiated task switches. An interrupt that does not 
cause a task switch will clear NT. NT may also be set 
or cleared by POPF or IRET instructions. 

The task state segment is marked busy by changing 
the descriptor type field from Type 1 to Type 3. Use 
of a selector that references a busy task state segment 
causes Exception 13. 

PROCESSOR EXTENSION CONTEXT SWITCHING 

The context of a processor extension (such as the 80287 
numerics processor) is not changed by the task switch 
operation. A processor extension context need only be 
changed when a different task attempts to use the pro- 
cessor extension (which still contains the context of a 
previous task). The 80286 detects the first use of a pro- 
cessor extension after a task switch by causing the pro- 
cessor extension not present exception (7). The interrupt 
handler may then decide whether a context change is 
necessary. 

Whenever the 80286 switches tasks, it sets the Task 
Switched (TS) bit of the MSW. TS indicates that a pro- 
cessor extension context may belong to a different task 
than the current one. The processor extension not pres- 
ent exception (7) will occur when attempting to execute 
an ESC or WAIT instruction if TS = 1 and a processor 
extension is present (MP = 1 in MSW). 

POINTER TESTING INSTRUCTIONS 

The iAPX 286 provides several instructions to speed 
pdinter testing and consistency checks for maintain- 
ing system integrity (see Table 15). These instruc- 
tions use the memory management hardware to 
verify that a selector value refers to an appropriate 
segment without risking an exception. A condition 
flag (ZF) indicates whether use of the selector or 
segment will cause an exception. 
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0 


TYPE 


BASE23-16 




L 




±LL 



INTEL RESERVED 



BASE15-0 
I 



LIMIT 15 _o 
' 



TASK LDT SELECTOR 



ES SELECTOR 



IP (ENTRY POINT) 



SP FOR CPL 2 



SS FOR CPL 1 



SP FOR CPL 1 



SS FOR CPL 0 



SP FOR CPL 0 



BACK LINK SELECTOR TO TSS 



TYPE 


DESCRIPTION 


1 


AN AVAILABLE TASK STATE 
SEGMENT. MAY BE USED AS 
THE DESTINATION OF A TASK 
SWITCH OPERATION. 


3 


A BUSY TASK STATE SEGMENT. 
CANNOT BE USED AS THE 
DESTINATION OF A TASK 
SWITCH. 



BYTE 
OFFSET 

42 
40 



p 


DESCRIPTION 


1 


BASE AND LIMIT FIELDS ARE VALID 


0 


SEGMENT IS NOT PRESENT IN 
MEMORY, BASE AND LIMIT ARE NOT 
DEFINED 



CURRENT 

TASK 

STATE 



INITIAL 
STACKS 
FOR CPL 0,1,2 



Figure 20. Task State Segment and TSS Registers 
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Table 15. 80286 Pointer Test Instructions 



Instruction 


Operands 


Function 


ARPL 


Selector, 
Register 


Adjust Requested Privi- 
lege Level: adjusts the RPL 
of the selector to the nu- 
meric maximum of current 
selector RPL value and the 
RPL value in the register. 
Set zero flag if selector RPL 
was changed by ARPL. 


VERR 


Selector 


VERify for Read: sets the 
zero flag if the segment re- 
ferred to by the selector can 
be read. 


VERW 


Selector 


VERify for Write: sets the 
zero flag if the segment re- 
ferred to by the selector can 
be written. 


LSL 


Register, 
Selector 


Load Segment Limit: reads 
the segment limit into the 
register if privilege rules and 
descriptor type allow. Set 
zero flag if successful. 


LAR 


Register, 
Selector 


Load Access Rights: reads 
the descriptor access rights 
byte into the register if priv- 
ilege rules allow. Set zero 
flag if successful. 



DOUBLE FAULT AND SHUTDOWN 

If two separate exceptions are detected during a single 
instruction execution, the 80286 performs the double 
fault exception (8). If an exception occurs during pro- 
cessing of the double fault exception, the 82086 will en- 
ter shutdown. During shutdown no further instructions 
or exceptions are processed. Either NMI (CPU remains 
in protected mode) or RESET (CPU exits protected mode) 
can force the 80286 out of shutdown. Shutdown is exter- 
nally signalled via a HALT bus operation with HIGH. 

PROTECTED MODE INITIALIZATION 

The 80286 initially executes in real address mode 
after RESET. To allow initialization code to be placed 
at the top of physical memory, A23.20 wil1 De H, G H 
when the 80286 performs memory references 
relative to the CS register until CS is changed. A 23 _ 2 o 
will be zero for references to the DS, ES,, or SS 
segments. Changing CS in real address mode will 
force A 23 _2o L0W whenever CS is used again. The 
initial CS:IP value of F000:FFF0 provides 64K bytes 
of code space for initialization code without chang- 
ing CS. 

Protected mode operation requires several regis- 
ters to be initialized. The GDT and IDT base regis- 
ters must refer to a valid GDT and IDT. After 
executing the LMSW instruction to set PE, the 80286 
must immediately execute an intra-segment JMP 
instruction to clear the instruction queue of instruc- 
tions decoded in real address mode. 



To force the 80286 CPU registers to match the initial 
protected mode state assumed by software, execute 
a JMP instruction with a selector referring to the 
initial TSS used in the system. This will load the task 
register, local descriptor table register, segment 
registers and initial general register state. The TR 
should point at a valid TSS since arty task switch 
operation involves saving the current task state. 



SYSTEM INTERFACE 

The 80286 system interface appears in two forms: a 
local bus and a system bus. The local bus consists of 
address, data, status, and control signals at the pins of 
the CPU. A system bus is any buffered version of the 
local bus. A system bus may also differ from the local 
bus in terms of coding of status and control lines and/or 
timing and loading of signals. The iAPX 286 family in- 
cludes several devices to generate standard system 
buses such as the IEEE 796 standard Multibus™ . 

Bus Interface Signals and Timing 

The iAPX 286 microsystem local bus interfaces the 80286 
to local memory and I/O components. The interface has 
24 address lines, 16 data lines, and 8 status and control 
signals. 

The 80286 CPU, 82284 clock generator, 82288 bus 
controller, 82289 bus arbiter, 8286/7 transceivers, 
and 8282/3 latches provide a buffered and decoded 
system bus interface.The 8 2284 ge nerates the 
system clock and synchronizes READY and RESET. 
The 82288 converts bus operation status encoded 
by the 80286 into command and bus control signals. 
The 82289 bus arbiter generates Multibus bus 
arbitration signals. These components can provide 
the timing and electrical power drive levels required 
for most system bus interfaces including the Multibus. 

Physical Memory and I/O Interface 

A maximum of 16 megabytes of physical memory can 
be addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible 
as bytes or words. Words consist of any two consecutive 
bytes addressed with the least significant byte stored in 
the lowest address. 

Byte transfers occur on either half of the 1 6-bit local data 
bus. Even bytes are accessed over D 7 ^o while odd bytes 
are transferred over Di5_s. Even-addressed words are 
transferred over D 15 _ 0 in one bus cycle, while odd-ad- 
dressed words require two bus operations. The first 
transfers data on D 15 _8, and the second transfers data 
on D7_ 0 . Both byte data transfers occur automatically, 
transparent to software. 

Two bus signals, Aq and BHE, control transfers over the 
lower and upper halves of the data bus. Even address 
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byte transfers are indicated by Ao LOW and BHE HIGH. 
Odd addr ess byte transfers are i ndicated by Ao HIGH 
and BHE LOW. Both Aq and BHE are LOW for even ad- 
dress word transfers. 

The I/O address space contains 64K addresses in both 
modes. The I/O space is accessible as either bytes or 
words, as is memory. Byte wide peripheral devices may 
be attached to either the upper or lower byte of the data 
bus. Byte-wide I/O devices attached to the upper data 
byte (D 15 _ 8 ) are accessed with odd I/O addresses. De- 
vices on the lower data byte are accessed with even I/O 
addresses. An interrupt controller such as Intel's 8259A 
must be connected to the lower data byte (D7_o) for proper 
return of the interrupt vector. 
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Figure 22. 80286 Bus States 



Bus Operation 

The 80286 uses a double frequency system clock (CLK 
input) to control bus timing. All signals on the local bus 
are measured relative to the system CLK input. The CPU 
divides the system clock by 2 to produce the internal 
processor clock, which determines bus state. Each pro- 
cessor clock is composed of two system clock cycles 
named phase 1 and phase 2. The 82284 clock generator 
output (PCLK) identifies the next phase of the propessor 
clock. (See Figure 21 .) 



- ONE PROCESSOR CLOCK CYCLE - 



PHASE 1 
-OF PROCESSOR- 
CLOCK CYCLE 



-ONE BUST STATE - 



PHASE 2 
-OF PROCESSOR - 
CLOCK CYCLE 



~\ / \ f 



_ ONE SYSTEM 
CLK CYCLE 



Figure 21 . System and Processor 
Clock Relationships 

Six types of bus operations-are supported; memory read, 
memory write, I/O read, I/O write, interrupt acknowl- 
edge, and halt/shutdown. Data can be transferred at a 
maximum rate of one word per two processor clock cycles. 

The iAPX 286 bus has three basic states: idle (T,), send 
status (T s ), and perform command (T c ). The 80286 CPU 
also has a fourth local-bus state called hold (T h ). T h in- 
dicates that the 80286 has surrendered control of the 
local bus to another bus master in response to a HOLD 
request. 

Each bus state is one processor clock long. Figure 22 
shows the four 80286 local bus states and allowed 
transitions. 



Bus States 

The idle (T,) state indicates that no data transfers are 
in progress or requested. The first active state T s is 
signaled by status line ST or 35 going LOW and identi- 
fying phase 1 of the processor clock. During T s , the 
command encoding, the address, and data (for a write 
operation) are available on the 80286 output pins. The 
82288 bus controler decodes the status signals and 
generates Multibus compatible read/write command 
and local transceiver control signals. 

After T s , the perform command (T c ) state is entered. 
Memory or I/O devices respond to the bus operation 
during T c , either transferring read data to the CPU or 
accepting write data. T c states may be repeated as 
often as necessary to assure sufficie nt time f or the 
memory or I/O device to responp*. The READY signal 
determines whether T c is repeated. A repeated T c 
state is called a wait state. 

During hold (T h ), the 80286 will float all address, data, 
and status output pins enabling another bus master 
to use the local bus. The 80286 HOLD input signal 
is used to place the 80286 into the T h state. The 
80286 HLDA output signal indicates that the CPU has 
entered T h . 

Pipelined Addressing 

The 80286 uses a local bus interface with pipelined 
timing to allow as much time as possible for data 
access. Pipelined timing allows a new bus operation 
to be initiated every two processor cycles, while allow- 
ing each individual bus operation to last for three 
processor cycles. 

The timing of the address outputs is pipelined such that 
the address of the next bus operation beqomes available 
. .during the current bus operation. Or in other words, the 
first clock of the next bus operation is overlapped with 
the last clock of the current bus operation. Therefore, 
address decode and routing logic can operate in ad- 
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Figure 23. Basic Bus Cycle 



vance of the next bus operation. External address latches 
may hold the address stable for the entire bus operation, 
and provide additional AC and DC buffering. 

The 80286 does not maintain the address of the current 
bus operation during all T c states. Instead, the address 
for the next bus operation may be emitted during phase 
2 of any T c , The address remains valid during phase 1 
of the first T c to guarantee hold time, relative to ALE, for 
the address latch inputs. 

Bus Control Signals 

The 82288 bus controller provides control signals; ad- 
dress latch enable (ALE), Read/Write commands, data 
transmit/receive (DT/R), and data enable (DEN) that 
control the address latches, data transceivers, write en- 
able, and output enable for memory and I/O systems. 

The Address Latch Enable (ALE) output determines when 
the address may be latched. ALE provides at least one 
system CLK period of address hold time from the end of 
the previous bus operation until the address for the next 
bus operation appears at the latch outputs. This address 
hold time is required to support Multibus® and common 
memory systems. 

The data bus transceivers are controlled by 82288 out- 
puts Data Enable (DEN) and Data Transmit/Receive (DT/ 
R). DEN enables the data transceivers; while DT/R con- 
trols transceiver direction. DEN and DT/R are timed to 
prevent bus Contention between the bus master, data 
bus transceivers, and system data bus tranceivers. 



Command Timing Controls 

Two system timing customization options, command ex- 
tension and command delay, are provided on the iAPX 
286 local bus. 

Command extension allows additional time for external 
devices to respond to a command and is analogous to 
inserting wait states on the 8086. External logic can con- 
trol the duration of any bus operation su ch that th e op- 
eration is only as long as necessary. The READY input 
signal can extend any bus operation for as long as 
necessary. 

Command delay allows an increase of address or wrjte 
data setup time to system bus command active for any 
bus operation by delaying when the system bus com- 
mand becomes active. Command delay is controlled by 
the 82288 CMDLY input. After T s , the bus controller 
samples CMDLY at each failing edge of CLK. If CMDLY 
is HIGH, the 82288 will not activate the command signal. 
When CMDLY is LOW, the 82288 will activate the com- 
mand signal. After the command becomes active, the 
CMDLY input is not sampled. 

When a command is delayed, the available response 
time from command active to return read data or accept 
write data is less. To customize system bus timing, an 
address decoder can determine which bus operations 
require delaying thd command. The CMDLY input does 
not affect the timing of ALE, DEN, or DT/R. 
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Figure 24. CMDLY Controls the Leading Edge of Command Signal. 



Figure 24 illustrates four uses of CMDLY. Example 1 
shows delaying the read command two system CLKs for 
cycle N-1 and no delay for cycle N, and example 2 shows 
delaying the read command one system CLK for cycle 
N-1 £nd one system CLK delay for cycle N. 

Bus Cycle Termination 

At maximum transfer rates, the iAPX 286 bus alternates 
between the status and command states. The bus status 
signals become inactive after T s so that they may cor- 
rectly signal the start of the next bus operation after the 
completion of the current cycle. No external indication of 
T c exists on the iAPX 286 local bus. The bus master and 
bus controller enter T c directly after T s and co ntinue ex- 
ecuting T c cycles until terminated by READY. 



READY Operation 

The current bus master and 82288 bus controller ter- 
minate each bus operation simultaneously to achieve 
maximum bus operation bandwidth. Both are informed 
in advance by READY active (open-collector output 
from 82284) which identifies the last T c cycle of the 



current bus operation. The bus master and bu s con- 
troller must see the same s ense of the READY signal, 
thereby requiring READY be synchronous to the 
system clock. 
Synchronous Ready 

The 82284 clock generator provides READY synchro- 
nization from both synchronous and asynchronous 
sources (see Figure 25). The synchronous ready input 
(SRDY) of the clock generator is sampled with the falling 
edge of CLK at the end of phase 1 of each T c . The state 
of SRDY is then broadca st to the bus master and bus 
controller via the READY output line. 

Asynchronous Ready 

Many systems have devices or subsystems that are 
asynchronous to the system clock. As a result; their 
ready outputs cannot be guaranteed to meet the 82284 
SRDY setup and hold time req uireme nts. But the 
82284 asynchronous ready input (ARDY) is designed 
to accept such signals. The ARDY input is sampled at 
the beginning of each T c cycle by 82284 synchroniza- 
tion logic. This provides one system CLK cycle time to 
resolve its value before broadcasting it to the bus 
master and bus controller. 
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N OTES: 

1. S RDYEN is active low 

2. If SRDYE N is high, the state of SRDY will not effect READY 

3. ARDYEN is active low 



Figure 25. Synchronous and Asynchronous Ready 



ARDY or ARDYEN must be HIGH at the end of T s . 
ARDY cannot be used to terminate bus cycle with 
no wait states. 

Each read y in put of th e 82284 has an enable pin 
(SRDYEN and ARDYEN) to select whether the current 
bus operation will be terminated by the synchronous or 
asynchronous ready. Either of the ready inputs may ter- 
minate a bus operation. These enable inputs are active 
low and have the same timing as their respective ready 
inputs. Address decode logic usually selects whether 
th e curren t bus operation should be terminated by ARDY 
or SRDY. 



Data Bus Control 

Figures 26, 27, and 28 show how the DT/R, DEN, data 
bus, and address signals operate for different combina- 
tions of read, write, and idle bus operations. DT/R goes 
active (LOW) for a read operaton. DT/R remains HIGH 
before, during, and between write operations. 



The data bus is driven with write data during the second 
phase of T s . The delay in write data timing allows the 
read data drivers, from a previous read cycle, sufficient 
time to enter 3-state OFF before the 80286 CPU begins 
driving the local data bus for write operations. Write data 
will always remain valid for one system clock past the 
last T c to provide sufficient hold time for Multibus or other 
similar memory or I/O systems. During write-read or write- 
idle sequences the data bus enters 3-state OFF during 
the second phase of the processor cycle after the last 
T c . In a write-write sequence the data bus does not enter 
3-state OFF between T c and T s . 

Bus Usage 

The 80286 local bus may be used for several functions: 
instruction data transfers, data transfers by other bus 
masters, instruction fetching, processor extension data 
transfers, interrupt acknowledge, and halt/shutdown. This 
section describes local bus activities which have special 
signals or requirements. 
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Figure 28. Back to Back Write-Write Cycles 



HOLD and HLDA 

HOLD and HLDA allow another bus master to gain con- 
trol of the local bus by placing the 80286 bus into the Th 
state. The sequence of events required to pass control 
between the 80286 and another local bus master are 
shown in Figure 29. 

In this example, the 80286 is initially in the Th state as 
signaled by HLDA being active. Upon leaving Th, as sig- 
naled by HLDA going inactive, a writex>peration is started. 
During the write operation another local bus master re- 
quests the local bus from the 80286 as shown by the 
HOLD signal. After completing the write operation, the 
80286 performs one T, bus cycle, to guarantee write data 
hold time, then enters Th as signaled by HLDA going 
active. 

The CMDLY signal and ARDY ready are used to start 
and sto p the write bus command, respectively. Note that 
SRD Ymustb e inactive or disabled by SRDYEN to guar- 
antee ARDY will terminate the cycle. 

Instruction Fetching 

The 80286 Bus Unit (BU) will fetch instructions ahead of 
the current instruction being executed. This activity is 
called prefetching. It occurs when the local bus would 
otherwise be idle and obeys the following rules: 



A prefetch bus operation starts when at least two bytes 
of the 6-byte prefetch queue are empty. 
The pref etcher normally performs word prefetches in- 
dependent of the byte alignment of the code segment 
base in physical memory. 

The prefetcher will perform only a byte code fetch op- 
eration for control transfers to an instruction beginning 
on a numerically odd physical address. 

Prefetching stops whenever a control transfer or HLT 
instruction is decoded by the IU and placed into the 
instruction queue. 

In real address mode, the prefetcher may fetch up 
to 6 bytes beyond the last control transfer or HLT 
instruction in a code segment. 

In protected mode, the prefetcher will never cause a 
segment overrun exception. The prefetcher stops at 
the last physical memory word of the code segment. 
Exception 13 will occur if the program attempts to ex- 
ecute beyond the last full instruction in the code 
segment. 

If the last byte of a code segment appears on an even 
physical memory address, the prefetcher will read the 
next physical byte of memory (perform a word code 
fetch). The value of this byte is ignored and any at- 
tempt to execute it causes exception 13. 
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NOTES: 

1 . Status lines are not driven by 80286, yet remain high due to pullup resistors in 82288 and 82289 during HOLD state 

2. Address, M/IO and COD/INTA may start floating during any TC depending on when internal 80286 bus arbiter decides to release bus to 
external HOLD. The float starts in 02 of TC 

3. BHE and LOCK may start floating after the end of any TC depending on when internal 80286 bus arbiter decides to release bus to external 
HOLD. The float starts in 01 of TC 

4. The minimum HOLD to HLDA time is shown. Maximum is one Th longer 

5 The earliest HOLD time is shown It will always allow a subsequent memory cycle if pending is shown 

6. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other machine status (i e , 
Interrupts, Waits, Lock, etc.) 

7 Asynchronous ready allows termination of the cycle Synchronous ready does not signal ready in this example Synchronous ready state 
is ignored after ready is signaled via the asynchronous ,.iput 



Figure 29. Multibus Write Terminated by Asynchronous Ready with Bus Hold 
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Processor Extension Transfers 

The processor extension interface uses I/O port 
addresses 00F8(H), OOFA(H), and OOFC(H) which are 
part of the I/O port address range reserved by Intel. 
An ESC instruction with Machine Status Word bits 
EM = 0 and TS = 0 will perform I/O bus operations to 
one or more of these I/O port addresses independent 
of the value of IOPL and CPL 

ESC instructions with memory references enable the 
CPU to accept PEREQ inputs for processor extension 
operand transfers. The CPU will determine the operand 
starting address and read/write status of the instruction. 
For each operand transfer, two or three bus operations 
are performed, one word transfer with I/O port address 
OOFA(H) and one or two bus operations with memory. 
Three bus operations are required for each word oper- 
and aligned on an odd byte address. 

Interrupt Acknowledge Sequence 

Figure 30 illustrates an interrupt acknowledge sequence 
performed by the 80286 in response to an INTR input. 
An interrupt acknowledge sequence consists of two 
INTA bus operations. The first allows a master 8259A 
Programmable Interrupt Controller (PIC) to determine 
which if any of its slaves should return the interrupt 
vector. An eight bit vector is read on D0-D7 of the 
80286 during the second INTA bus operation to select 
an interrupt handler routine from the interrupt table. 

The Master Cascade Enable (MCE) signal of the 82288 
is used to enable the cascade address drivers, during 
INTA bus operations (See Figure 30), onto the local ad- 
dressbus for distribution to slave interrupt controll ers via 
the system address bus. The 80286 emits the LOCK 
signal (active LOW) during T s of the first INTA bus oper- 
ation. A local bus "hold" request will not be honored until 
the end of the second INTA bus operation. 

Three idle processor clocks are provided by the 80286 
between INTA bus operations to allow for the minimum 
INTA to INTA time and CAS (cascade address) out delay 
of the 8259A. The second INTA bus operation must al- 
ways have at least one extra T c state added via logic 
controlling READY. A23-A0 are in 3-state OFF until after 
the first T c state of the second INTA bus operation. This 
prevents bus contention between the cascade address 
drivers and CPU address drivers. The extra T c state al- 
lows time for the 80286 to resume driving the address 
lines for subsequent bus operations. 



Local Bus Usage Priorities 

The 80286 local bus is shared among several internal 
units and external HOLD requests. In case of simulta- 
neous requests, their relative priorities are: 



(Highest) Any transfers which assert LOCK either ex- 
plicitly (via the LOCK instruction prefix) or 
implicitly (i.e. segment descriptor access, 
interrupt acknowledge sequence, or an 
XCHG with memory). 

The second of the two byte bus operations 
required for an odd aligned word operand. 

The second or third cycle of a processor 
extension data transfer. 

Local bus request via HOLD input. 
Processor extension data operand transfer 
via PEREQ input. 

Data transfer performed by EU as part of an 
instruction. 

(Lowest) An instruction prefetch request from BU. The 
EU will inhibit prefetching two processor 
clocks in advance of any data transfers to 
minimize waiting by EU for a prefetch to finish. 



Halt or Shutdown Cycles 

The 80286 externally indicates halt or shutdown condi- 
tions as a bus operation. These conditions occur due to 
a HLT instruction or multiple protection exceptions while 
attempting to execute one instruction. A halt or shut- 
down bus operation is signalled when ST, SO" and COD/ 
TRTS are LOW and M/IU is HIGH. A, HIGH indicates 
halt, and A^ LOW indicates shutdo wn. The 82288 bus 
controller does not issue ALE, nor is READY required to 
terminate a halt or shutdown bus operation. 

During halt or shutdown, the 80286 may service PEREQ 
or HOLD requests, A processor extension segment 
overrun exception during shutdown will inhibit further 
service of PEREQ. Either NMI or RESET will force the 
80286 out of either halt or shutdown. An INTR, if inter- 
rupts are enabled, or a processor extension segment 
overrun exception will also force the 80286 out of halt. 
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NOTES: 

1. Data is ignored. 

2. First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width. 

3. Second INTA cycle must have at least one wait state inserted since the CPU will not drive A 23 - Aq, BHE, and LOCK until after the first 
TC state. 

The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by MCE I and address 
outputs. 

Without the wait state, the 80286 address will not be valid for a memory cycle started immediately after the second INTA cycle. The 
8259A also requires one wait state for minimum INTA pulse width. 

4. LOCK is active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA^cycles in a multi-master system. 

5. A 23 - Aq exits 3-state OFF during <f>2 of the second T c in the INTA cycle. 



Figure 30. Interrupt Acknowledge Sequence 
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SYNC READY 
ENABLE 
ASYNC READY 
ENABLE 
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ADDRESS BUS 




CHIP SELECT 



Figure 31 . Basic iAPX 286 System Configuration 



SYSTEM CONFIGURATIONS 9 

The versatile bus structure of the iAPX 286 microsys- 
tem, with a full complement of support chips, allows flex- 
ible configuration of a wide range of systems. The basic 
configuration, shown in Figure 31 , is similar to an iAPX 
86 maximum mode system. It includes the CPU plus an 
8259A interrupt controller, 82284 clock generator, and 
the 82288 Bus Controller. The iAPX 86 latches (8282 
and 8283) and transceivers (8286 and 8287) may be 
used in an iAPX 286 microsystem . 

As indicated by the dashed lines in Figure 31 , the ability 
to add processor extensions is an integral feature of iAPX 
286 microsystems. The processor extension interface 
allows external hardware to perform special functions 
and transfer data concurrent with CPU execution of other 
instructions. Full system integrity is maintained because 
the 80286 supervises all data transfers and instruction 
execution for the processor extension. 

The iAPX 286/20 numeric data processor which in- 
cludes the 80287 numeric processor extension (NPX) 



uses this interface. The iAPX 286/20 has all the instruc- 
tions and data types of an iAPX 86/20 or iAPX 88/20. 
Th$ 80287 NPX can perform numeric calculations and 
data transfers concurrently with CPU program execu- 
tion. Numerics code and data have the same integrity as 
all other information protected by the iAPX 286 protec- 
tion mechanism. 

The 80286 can overlap chip select decoding and ad- 
dress propagation during the data transfer for the pre- 
vious bus operation. This information is latched into the 
8282/3's by ALE during the middle of a T s cycle. The 
latched chip select and address information remains 
stable during the bus operation while the next cycles 
address is being decoded and propagated into the sys- 
tem. Decode logic can be Implemented with a high speed 
bipolar PROM. 

The optional decode logic shown in Figure 31 takes ad- 
vantage of the overlap between address and data of the 
80286 bus cycle to generate advanced memory and IO- 
select signals. This minimizes system performance 
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MEMORY READ 
MEMORY WRITE 
I 0 READ 

I O wrIte 

INTERRUPT ACKNOWLEDGE 




SYNC READY 
ENABLE 
ASYNC READY 
ENABLE 



ADDRESS BUS 



CHIP SELECT 



Figure 32. Multibus System Bus Interface 



degradation caused by address propogation and de- 
code delays. In addition to selecting memory and I/O, 
the advanced selects may be used with configurations 
supporting local and system buses to enable the appro- 
priate bus interface for each bus cycle. The COD/INTA 
and M/1U signals are applied to the decode logic to dis- 
tinguish between interrupt, l/Q, code and data bus cycles. 

By adding the 82289 bus arbiter chip the80286 provides 
a Multibus system bus interface as shown in Figure 32. 
The ALE output of the 82288 for the Multibus bus is 



connected to its CMDLY input to delay the start of com- 
mands one system CLK as required to meet Multibus 
address and write data setup times. This arrangement 
will add at least one extra T c state to each bus operation 
which uses the Multibus. 

A second 82288 bus controller and additional latches 
and transceivers could be added to the local bus of Fig- 
ure 32. This configuration allows the 80286 to support 
an on-board bus for local memory and peripherals, and 
the Multibus for system bus interfacing. 
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DATA D 15 - D„ 



r^> 



80286 
CPU 



=0 



V 



82284 
CLOCK 
GENERATOR 



77 



8206 
ECC 



Dl DO CBDO 
16-0 16-0 CBDI 



DRAM 
2118, 2164 



STATUS SO, 81, M/IO 



"zQ i pecode Y 



LOCAL 
SELECT 



8207 
DRAM 
CONTROL 



7> 



MULTIBUS SELECT 




ADDRESS A 23 - A 0 , BHE, LOCK 



Figure 33. iAPX 286 System Configuration with Dual-Ported Memory 



Figure 33 shows the addition of dual ported dynamic 
memory between the Multibus system bus and the iAPX 
286 local bus. The dual port interface is provided by the 
8207 Dual Port DRAM Controller. The 8207 runs syn- 
chronously with the CPU to maximize throughput for lo- 
cal memory references. It also arbitrates between 
requests from the local and system buses and performs 



functions such as refresh, initialization of RAM, and read/ 
modify/write cycles. The 8207 combined with the 8206 
Error Checking and Correction memory controller pro- 
vide for single bit error correction. The dual-ported 
memory can be combined with a standard Multibus sys- 
tem bus interface to maximize performance and protec- 
tion in multiprocessor system configurations. 



Table 16. 80286 Systems Recommended Pull up Resistor values 



80286 Pin and Name 


Pullup Value 


Purpose 


4-ST 


20KO±10% 


Pull SO, S1, and PEACK inactive during 80286 hold periods 


5 -SO 


6-PEACK 


53 - ERROR 


20Kn±10% 


Pull ERROR and BUSY inactive when 80287 not present 
(or temporarily removed from socket) 


54 -BUSY 


63 -READY 


910n±5% 


Pull READY inactive within required minimum time (C L = 150pF, 
l q < 7mA) 
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PACKAGE 

The 80286 is packaged in a 68-pin, leadless JEDEC 
type A hermetic leadless chip carrier. Figure 34 illus- 
trates the package, and Figure 2 shows the pinout. 



.050 
(1.27) 



JUUUUUUUUUUUUUUUUUC 




(0.99) 



nnnnnnrnnnnnnnnnny 



.960 
(24.38) 



.960 
(24.38) 



- PIN N0 1 MARK 



.094 
" (2.39) 



130 
(3.30) 



INCHES 
(MILLIMETERS) 



Figure 34. JEDEC Type A Package 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature - 65°C to + 1 50°C 

Voltage on Any Pin with 

Respect to Ground - 1 .0 to + 7V 

Power Dissipation 3.6 Watt 

D.C. CHARACTERISTICS rr A = o°c to 55°c, v cc = 5V, d 



* NOTICE: Stresses above those listed under ' 'Absolute Max- 
imum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



5%) 







4 MHz 


6 MHz 


8 MHz 






Sym 


Parameter 


-4 
Min 


-4 

Max 


-6 
Min 


-6 

Max 


Min 


Max 


Unit 


Test Condition 


V,L 


Input LOW Voltage 


-.5 


.8 


-.5 


.8 


-.5 


.8 


V 




V,H 


Input HIGH Voltage 


2.0 


Vcc + .5 


2.0 


V cc + -5 


2.0 


V CC + -5 


V 




V IC 


CLK Input LOW Voltage 


-.5 


.6 


-.5 


.6 


-.5 


.6 


V 




V,HC 


CLK Input HIGH Voltage 


3.8 


Vcc + .5 


3.8 


V cc + .5 


3.8 


Vcc + -5 


V 




V 


Output LOW Voltage 




.45 




.45 




.45 


V 


l 0L = 2.0mA 


V P H 


Output HIGH Voltage 


2.4 




2.4 




2.4 




V 


l OH = -400juA 


■li 


Input Leakage Current 




+-10 




+-10 




+-10 


MA 


ov<v IN <v cc 


Ilo 


Output Leakage Current 




+-10 




+-10 




+-10 


/iA 


.45V<V OUT <Vcc 


•cc 


Supply Current (turn on, Q°C) 




600 




600 




600 


iuA 


Notel 


C CLK 


CLK Input Capacitance 




12 




12 




12 


PF 


F c =1MHz 




Other Input Capacitance 




10 




10 




10 


PF 


F c ='1MHz 


Co 


Input/Output Capacitance 




20 




20 




20 




F c =1MHz 



NOTE 1 : Low temperature is worst case. 
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A.C. CHARACTERISTICS (T A = o°c to 55°c, v cc = 5V, ± 50/0) 

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless otherwise noted. 







4 MHz 


6 MHz 


8 MHz 






Sym 


Parameter 


-4 -4 
Min Max 


-6 
Min 


-6 

Max 


Min 


Max 


Unit 


Test Condition 


1 


System Clock (CLK) Period 


124 


250 


83 


250 


62 


250 


ns 




2 


System Clock (CLK) LOW Time 


30 


210 


20 


250 


15 


225 


ns 


at 0.6V 


3 


System Clock (CLK) HIGH Time 


40 


220 


25 


230 


25 


235 


ns 


at 3.2V 


17 


System Clock (CLK) Rise Time 




10 




10 




10 


ns 


1 .0V to 3.5V 


18 


System Clock (CLK) Fall Time 




10 




10 




10 


ns 


3.5V to 1 .OV 


4 


Asynch. Inputs Setup Time 


40 




30 




20 




ns 


Note 1 


c 
0 


Asynch. Inputs Hold Time 


40 




30 




20 




ns 


Note i 


6 


RESET Setup Time 


40 




25 




20 




ns 




7 


RESET Hold Time 


0 




0 




0 




ns 




8 


Read Data Setup Time 


30 




20 




10 




ns 




9 


Read Data Hold Time 


10 




8 




5 




ns 




10 


READY Setup Time 


75 




50 




38.5 




ns 


x 


11 


READY Hold Time 


50 




35 




25 




ns 




12 


Status/PEACK Valid Delay 


0 


80 


0 


55 


0 


37.5 


ns 


Note 2 Note 3 


13 


Address Valid Delay 


0 


120 


0 


80 


0 


60 


ns 


Note 2 Note 3 


14 


Write Data Valid Delay 


0 


100 


0 


65 


0 


50 


ns 


Note 2 Note 3 


15 


Address/Status/Data Float Delay 


0 


120 


0 


80 


0 


60 


ns 


Note 2 Note 4 


16 


HLDA Valid Delay 


0 


120 


0 


80 


0 


60 


ns 


Note 2 Note 3 



NOTE: 1: Asychronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing 

purposes, to assure recognition at a specific CLK edge 
NOTE: 2: Delay from 0 8V on the CLK, to 0 8V or 2 0V or float on the output as appropriate for valid or floating condition 
NOTE: 3: Output load C1 = "IQOpF 

NOTt: 4: Float condition occurs when output current is less than l L0 in magnitude 



82284 Timing Requirements 







82286-6 


822284 






Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


11 


SRDY/SRDYEN setup time 


25 




15 




ns 




12 


SRDY/SRDYEN hojd time _^ 


0 




0 




ns 




13 


ARDY/ARDYEN setup time 


5 




0 




ns 


"See note 1 


14 


ARDY/ARDYEN hold time 


30 




16 




ns 


See note 1 


19 


PCLK delay 


0 


45 


0 


45 


ns 


C L = 75pF 
Iql = 5 ma 
Iqh = - 1 ma 



NOTE : These times are given for testing purposes to assure a predetermined action 



82288 Timing Requirements 







82288-6 


82288 






Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Test Conditions 


12 


CMDLY setup time 


25 




20 




ns 




13 


CMDLT hold time 


0 




0 




ns 




30 


Command delay 
From CLK 


Command Inactive 


3 


30 


3 


20 


ns 


C L = 300 pF max 
l 0L = 32 ma max 
l 0H = 5 ma max 


29 


Command Active 


3 


40 


3 


20 


16 


ALE active delay 


3 


25 


3 


15 


ns 




17 


ALE inactive delay 




35 




20 


ns 




19 


DT/R read active delay 




40 


0 


20 


ns 




22 


DT/R read inactive delay 


5 


45 


10 


40 


ns 


C L = 150 pF 


20 


DEN read active delay 


10 


50 


10 


40 


ns 


l 0L = 16 ma max 


21 


DEN read inactive delay 


3 s 


40 


3 


15 


ns 


l 0H = -1 ma max 


23 


DEN write active -delay 




35 




30 


ns 




24 


DEN write inactive delay 


3 


35 


3 


30 


ns 
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WAVEFORMS 



MAJOR CYCLE TIMING 



BUS CYCLE TYPE 




A 23 -A 0 
M/K), COD/INTA 



® 



DIIIIIDIDIMM 



VALID ADDRESS 



® 



t-fflMMMMMK 



Di 5 -Do 



SfiDY+SRDYlN \ 



SRDY+ARDYEN 



a r 



® 

ma 



VALID CONTROL 



■"4© 
VALID REAI 



® 



— H ® — r 
— »-®U 



® 



MMmWMM 



/ V 



VALID ADDRESS 



® 



® 



VALID CONTROL 



© 



VALID WRITE DATA 



J 



v 



® 



® 



m/ ////////>//////////, 



® 



MUMMIt 



MWMMML 



1 
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WAVEFORMS (Continued) 



80286 ASYNCHRONOUS INPUT SIGNAL TIMING' 



BUS CYCLE TYPE 



PCLK — V 
(SEE NOTE T.) \ 



INTR.NMI 
HOLD.PEREQ 
(SEE NOTE 2.) 



ERROR,BUSY 
(SEE NOTE 2.) i 




80286 RESET INPUT TIMING AND 
SUBSEQUENT PROCESSOR CYCLE PHASE 




NOTES: 

1 . PCLK indicates which processor cycle phase will occur on the 
next CLK. PCLK may not indicate the correct phase until the first 
bus cycle is performed. 

2. These inputs are asynchronous. The setup and hold times shown 
assure recognition for testing purposes. 



NOTE 1: When RESET meets the setup time shown, the next CLK 
will start or repeat <j>2 of a processor cycle. 



EXITING AND ENTERING HOLD 



D 1S - D 0 




(SEE NOTE 2.) 

© 



•L 



-I^^f- 

/ \ / \ j \ / 



NOTES: 

1 . These signals may not be driven by the 80286 during the time shown. The worst case in terms of latest float time is shown. 

2. The data bus will be driven as shown if the last cycle before T ( in the diagram was a write T c . 

3. The 80286 floats its status pins during T H . External 20Kn resistors keep these signals high (see Table 1 6). 
4 For H OL D reque st set up to HLDA, refer to Figure 29. 

5. BHE and LOCK are driven at this time but will not become valid until T s . 
6 The data bus will remain in 3-state OFF if a read cycle is performed 
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WAVEFORMS (Continued) 



80286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 



BUS CYCLE TYPE 




A23 - Ao 
M/R5 

COD/fNTA 



ZXDC 



I/O READ IF PROC EXT. TO MEMORY 
MEMORY READ IF MEMORY TO PROC. EXT. 



MEMORY WRITE IF PROC. EXT. TO MEMORY 
I/O WRITE IF MEMORY TO PROC. EXT. 



® 



f 



® 



© 



MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER 

I/O PORT ADDRESS OOFAtf) IF MEMORY TO PROC. EXT. TRANSFER 



xzx 



I/O PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER 
MEMORY ADDRESS IF MEMORY TO PROC. EXT TRANSFER 



© 



ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 80286 TRANSFERS TO/FROM MEMORY BYTE-AT-A-T1ME WITH TWO MEMORY CYCLES. 



NOTES: 



1 . PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first bus operation 
will be either a memory read at operand address or I/O read at port address OOFA(H). 

2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is: 3X©-@ max 
-® mm • Tne actual, configuration dependent, maximum time is: 3X(T)-(fj) max -@ min + A X 2 X(T). 

A is the number of extra T c states added to either the first or second bus operation of the processor extension data operand transfer 
sequence. 



INITIAL 80286 PIN STATE DURING RESET 

BUS CYCLE TYPE 



AT LEAST I 
I16CLK PERIODS I 



7 



A 23 _ A„ 




-55- 



© 



Hi 



IF HOLD IS NOT ACTIVE (SEE NOTE 4) 

r- SS 



NOTES: 

1. Setup time for RESET T may be violated with the consideration that 01 of the processor clock may begin one system CLK period later 

2. Setup and hold times for RESET I must be met for proper operation, but RESET i may occur during 01 or 02. 

3. The data bus is only guaranteed to be in 3-state OFF at the time shown. 

4. HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins tb float If HOLD remains active while RESET ( 
inactive, the 80286 remains in HOLD state and will not perform any bus accesses until HOLD is de-activiated. 
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BYTE 1 , BYTE 2 

7654321 076S43210 

























I 




I 


OPC 


ODE 


d 


w 


m 


od 


reg 


r/m 



LOW DISP/DATA J HIGH DISP/DATA j 



REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION 
REGISTER OPERAND/EXTENSION OF OPCODE 
REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH 
WORD/BYTE OPERATION 

DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER 
OPERATION (INSTRUCTION) CODE 



A. SHORT OPCODE FORMAT EXAMPLE 



BYTE 1 BYTE 2 

76543210765432 


0 


7 6 


BYTE 3 

5 4 3 2 1 0 


I I I I I I I I I I I I I I I 


I 


I I 


I I 


LONG OPCODE 


mod 


reg 


r/m 



B. LONG OPCODE FORMAT EXAMPLE 



Figure 35. 80286 Instruction Format Examples 



80286 INSTRUCTION SET SUMMARY 
Instruction Timing Notes 

The instruction clock counts listed below establish the 
maximum execution rate of the 80286. With no delays in 
bus cycles, the actual clock count of an 80286 program 
will average 5% more than the calculated clock count, 
due to instruction sequences which execute faster than 
they can be fetched from memory. 

To calculate elapsed times for instruction sequences, 
multiply the sum of all instruction clock counts, as listed 
in the table below, by the processor clock period. An 8 
MHz processor clock has a clock period of 1 25 nanosec- 
onds and requires ah 80286 system clock (CLK input) of 
16 MHz. 

Instruction Clock Count Assumptions 

1 . The instruction has been prefetched, decoded, and 
is ready for execution. Control transfer instruction clock 
counts include all time required to fetch, decode, and 
prepare the next instruction for execution. 

2. Bus cycles do not require wait states. 

3. There are no processor extension data transfer or 
local bus HOLD requests. 

4. No exceptions occur during instruction execution. 



Instruction Set Summary Notes 

Addressing displacements selected by the MOD field 
are not shown. If necessary they appear after the in- 
struction fields shown. 

Above/below refers to unsigned value 
Greater refers to positive signed value 
Less refers to less positive (more negative) signed values 
if d ■= 1 then to register; if d = 0 then from register 
if w = 1 then word instruction; if w = 0 then byte 
instruction 

if s = 0 then 1 6-bit immediate data form the operand 
if s = 1 then an immediate data byte is sign-extended 
to form the 1 6-bit operand 
x don't care 

z used for string primitives for comparison with ZF 
FLAG 

If two clock counts are given, the smaller refers to a reg- 
ister operand and the larger refers to a memory operand 
* = add one clock if offset calculation requires sum- 
ming 3 elements 
n = number of times repeated 
m = number of bytes of code in next instruction 
Level (L) — Lexical nesting level of the procedure 
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The following comments describe possible exceptions, 
side effects, and allowed usage for instructions in both 
operating modes of the 80286. 

REAL ADDRESS MODE ONLY 

1 . This is a protected mode instruction. Attempted ex- 
ecution in real address mode will result in an unde- 
fined opcode exception (6). 

2. A segment overrun exception (13) will occur if a word 
operand reference at offset FFFF(H) is attempted. 

3. This instruction may be executed in real address 
mode to initialize the CPU for protected mode. 

4. The IOPL and NT fields will remain 0. 

5. Processor extension segment overrun interrupt (9) 
will occur if the operand exceeds the segment limit. 

EITHER MODE 

6. An exception may occur, depending on the value of 
the operand. 

7. LOCK is automatically asserted regardless of the 
presence or absence of the LOCK instruction prefix. 

8. LOCK does not remain active between all operand 
transfers. 

PROTECTED VIRTUAL ADDRESS MODE ONLY 

9. A general protection exception (1 3) will occur if the 
memory operand can not be used due to either a 
segment limit or access rights violation. If a stack 
segment limit is violated, a stack segment overrun 
exception (12) occurs. 

10. For segment load operations, the CPL, RPL, and 
DPL must agree with privilege rules to avoid an ex- 
ception. The segment must be present to avoid a 



not-present exception (1 1 ). If the SS register is the 
destination, and a segment not-present violation 
occurs, a stack exception (12) occurs. 

11. All segment descriptor accesses in the GDT or LDT 
made by this instruction will automatically assert 
LOCK to maintain descriptor integrity in multipro- 
cessor systems. 

1 2. JMP, CALL, INT, RET, IRET instructions referring to 
another code segment will cause a general protec- 
tion exception (13) if any privilege rule is violated. 

13. A general protection exception (13) occurs if CPL 
*0. 

14. A general protection exception (13) occurs if 
CPL > IOPL 

15. The IF field of the flag word is not updated if 
CPL > IOPL The IOPL field is updated only if 
CPL = 0. 

1 6. Any violation of privilege rules as applied to the se- 
lector operand do not cause a protection exception; 
rather, the instruction does not return a result and 
the zero flag is cleared. 

1 7. If the starting address of the memory operand vio- 
lates a segment limit, or an invalid access is at- 
tempted, a general protection exception (13) will 
occur before the ESC instruction is executed. A stack 
segment overrun exception (12) will occur if the stack 
limit is violated by the operand's starting address. If 
a segment limit is violated during an attempted data 
transfer then a processor extension segment over- 
run exception (9) occurs. 

18. The destination of an INT, JMP, CALL, RET or 
IRET instruction must be in the defined limit of 
a code segment or a general protection excep- 
tion (13) will occur. 
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80286 INSTRUCTION SET SUMMARY 



CIIIIPTIAftl 

rUNollUN 


CflDliAT 

rUKMAI 










CLOCK COUNT 


COMMENTS 


Real 
Address 
Mode 


Protected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Protected 
Virtual 
Address 
- Mode 


DATA TRANSFER 




















MOV = Move: 




















Register to Register/Memory 


|1 0 0 0 1 0 0 w | 


mod reg 


r/m | 






2,3* 


2,3* 


2 


9 


Register/memory to register 


|1 0 0 0 1 0 1 W | 


mod reg 


r/m | 






2,5* 


2,5* 


2 


9 


Immediate to register/memory 


|1 1 0 0 0 1 1 w | 


modOOO 


r/m | 


data | 


data if w = 1 j 


2,3* 


2,3* 


2 


o 
y 


Immediate to register 


1 1 0 1 l w reg | 


data 




data if w = 1 ] 




2 


2 






Memory to accumulator 


|1 0 1 0 0 0 0 w | 


,' addr-low | 


addr-high | 




5 


5 


2 


9 


Accumulator to memory 


|1 0 1 0 0 0 1 w | 


addr-low | 


addr-high | 




3 


3 


2 


9 


Register/memory to segment register 


|1 0 0 0 1 1 1 0 | 


mod 0 reg 


r/m | 






2,5* 


17,19* 


2 


9,10,11 


Segment register to register/memory 


|1 0 0 0 1 1 0 0| 


mod 0 reg 


r/m | 






2,3* 


2,3* 


2 


9 


PUSH = Push: 




















Memory 


11 1 1 1 1 1 1 1 I 


mod 1 1 0 


r/m | 






5* 


5* 


2 


9 


Register 


1 0 10 1 0 reg | 










3 


3 


2 


g 


Qoniriont ronictor 
ocyiMciii icyiaici 


In n n mn i i n I 

|u u u icy i i u | 










3 


3 


2 


g 




fit iifi 1 ft « a I 


data 


1" 






a 


41 


1 


MMSE 




{0 1 1 0 0 00 0 1 










1?" 1 


17 


2 




POP = Pop: 




















Memory 


|1 0 0 0 1 1 1 1 | 


mod 000 


r/m | 






5* 


5* 


2 


g 




In 1 n 1 1 ran I 
|u i u i i icy | 










5 


5 


2 


9 


Segment register 


. |0 0 0 reg 1 1 1 | 


(reg* 01) 






5 


20 


2 


9,10,11 




to i i n A n n 1 I 
(0110 UOU 1 | 








1$ 


19 


2 


9 


XCH6 = Exchange: 




















Register/memory with register 


|1 0 0 0 0 1*1 w | 


mod reg 


r/m | 






3 5* 


3 5* 


2 7 


79 


Register with accumulator 


J1 0 0 10 reg | 










3 


3 






IN = Input from: 




















Fixed port 


|1 1 1 0 0 1 0 w | 


port 


1 






5 


5 




14 


Variable port 


|1 1 1 0 1 1 0 w | 










5 


5 




14 


0UT = Output to: 




















Fixed port 


|1 1 1 0 0 1 1 w | 


port 


1 






3 


3 




14 


Variable port 


|1 1 1 0 1 1 1 w | 










3 


3 




14 


XLAT= Translate byte to AL 


|1 10 10 11 1 | 










5 


5 




9 


LEA = Load EA to register 


|1 0 0 0 1 1 0 1| 


mod reg 


r/m | 






3* 


3* 






LOS = Load pointer to DS 


1 1 1 U U U 1 U 1 | 


mod reg 


r/m | 


(mod 11) 




7* 


21* 


2 


9,10,11 


LES=Load pointer to ES 


|1 1 0 0 0 1 0 0| 


mod reg 


r/m | 


(mod * 11) 




7* 


21* 


2 


9,10,11 


LAHF= Load AH with flags 


|1 0 0 1 1 1 1 1 | 










2 


2 






SAHF = Store AH into flags 


|1 0 0 1 1 1 1 0 | 










2 


2 






PUSHF= Push flags 


11 001 1 10 0| 










3 


3 


2 


9 


P0PF= Pop flags 


|1 0 0 1110 1| 










5 


5 


2,4 


9,15 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 















CLOCK COUNT 


COMMENTS 


FUNCTION 


FORMAT 










Real 
Address 
Mode 


Protected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Protected 
Virtual 
Address 
Mode 


ARITHMETIC 
ADD = Add: 




















Reg/memory with register to either 


|0 0 0 0 0 0 d w | 


mod reg 


r/m | 






2,7* 


2,7* 


2 


9 


Immediate to register/memory 


|1 0 0 0 0 0 s w | 


mod 040 


r/m | 


data 


| data if s w = 01 | 


3,7* 


3,7* 


2 


9 


Immediate to accumulator 


|0 0 0 0 0 1 0 w | 


data 


I 


dataif w=1 


1 


3 


3 






ADC = Add with carry: 




















Reg/memory with register to either 


|0 0 0 1 0 0 d w | 


mod reg 


r/m | 






2,7* 


2,7* 


2 


9 


Immediate to register/memory 


|1 0 0 0 0 0 s w | 


mod 0 1 0 


r/m | 


data 


| dataif sw=01 | 


3,7* 


3,7* 


2 


9 


Immediate to accumulator 


|0 0 0 1 0 1 0 w | 


data 


I 


dataifw=1 


1 


3 


3 






INC — Increment* 




















Register/memory 


|1 1 1 1 1 1 1 w | 


mod 000 


r/m | 






2,7* 


2,7* 


2 


9 


Register 


1 0 1 0 0 0 reg | 










2 


2 






SUB = Subtract: 










> 










Reg/memory and register to either 


|0 0 1 0 1 0 d w | 


mod reg 


r/m | 






2,7* 


2,7* 


2 


9 


Immediate from register/memory 


|1 0 0 0 0 0 s w | 


modi 01 


r/m | 


data 


| dataifsw=01 j 


3,7* 


3,7* 


2 , 


9 v 


Immediate from accumulator 


|0 0 1 0 1 1 0 w | 


data 


| 


data if w = 1 


1 


3 


3 






SBB = Subtract with borrow: 




















Reg/memory and register to either 


|0 0 0 1 1 0 d w | 


mod reg 


r/m | 






2,7* 


2,7* 


2 


9 


Immediate from register/memory 


|1 0 0 0 0 0 s w | 


mod01 1 


r/m | 


data 


j dataifsw=01 j 


3,7* 


3,7* 


2 


9 


Immediate from accumulator 


|0 0 0 1 1 1 0 w | 


data 


| 


data if w = 1 


1 


3 


3 






DEC = Decrement: 




















Register/memory 


|1 1 1 1 1 1 1 w | 


mod001 


r/m | 






2,7* 


2,7* 


2 


9 


Register 


1 0 10 0 1 reg | 










2 


2 






PUP — Pnmnaro* 
UNIT — vumpoio. 




















Register/memory with register 


1 0 0 1 1 1 0 1 w i 


mod reg 


r/m | 






2,6* 


2,6* 


2 


9 


Register with register/memory 


jO 0 1 1 1 0 0 w | 


mod reg 


r/m J 






2,7* 


2,7* 


2 


9 


Immediate with register/memory 


|1 0 0 0 0 0 s w | 


mod 1 1 1 


r/m J 


data 


| dataifsw=01 | 


3,6* 


3,6* 


2 


9 


Immediate with accumulator 


|0 0 1 1 1 1 0 w| 


data 


| 


data if w = 1 


1 


3 


3 






NEG= Change sign 


|1 1 1 1 0 1 1 w| 


mod01 1 


r/m | 






2 


7* 


2 


7 


AAA = ASCII adjust for add 


(0011011 1 | 










3 


3 






DAA = Decimal adjust for add 


|0 0 1 0 0 1 1 1 | 


















ft AC AOfll oHinet fnr eilH+rant 

m« = AoL.il aojusx ror suoiraci 


|UUiiiii i| 










3 


3 






DAS = Decimal adjust for subtract 


|0 0 1 0 1 1 1 1 | 










3 


3 






MUL= Multiply (unsigned)- 


|1 1 1 1 0 1 1 w| 


mod 100 


r/m | 














Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 












13 
21 
16* 
24* 


13 
21 
16* 
24* 


2 
2 


9 
y 


IMUL= Integer multiply (signed): 


|1 1 1 1 0 1 1 w| 


mod 1 0 1 


r/m | 














Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 












13 
21 
16* 
24* 


13 
21 
16* 
24* 


2 
2 


9 
9 






mod reg 












t 


9 






















DIV= Divide (unsigned): 


|1 1 1 1 0 1 1 w| 


mod 1 1 0 r/m | 














Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 












14 

22 ~ 

17* 

25* 


14 
22 
17* 
25* 


6 
6 

2,6 
2,6 


6 
6 

6,9 
. 6,9 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 













CLOCK COUNT 


COMMENTS 


FUNCTION 


FORMAT 








Real 
Address 
Mode 


Protected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Protected 
Virtual 
Address 
Mode 


ARITHMETIC (Continued): 


















IDIV = Integer divide (signed): 


|1 1 1 1 0 1 1 w | 


mod 111 r/m ( 










6 
6 

2,6 
2,6 




Register-Byte 
Register-Word 
Memory-Byte 
Memory- word , 










17 
25 
20* 
28* 


17 
25 
20* 
28* 


6 
6 

6,9 
6,9 


AAM = ASCII aHiiict fnr multiniv 


H 10 10 10 0 1 


0 0 0 0 1 0 1 0 1 

u u U U 1 U 1 U | 






16 


16 






AAO = ASCII adjust for divide 


|1 1 0 1 0- 1 0 1 | 


0 0 0 0 1 0 1 0 | 






14 


14 






CBW = Convert byte to word 


!h f\ i\ 4 & a a a a 1 

1 1 0 0 111 0 0 0 | 








2 


2 






CWD = Convert word to double word 


|1 0 0 1 1 0 0 1| 








2 


2 






LOGIC 

Shift/Rotate Instructions: 


















* Register/Memory by 1 


|1 1 0 1 0 0 0 w | 


mod TTT r/m | 






2,7* 


2,7* 


2 


9 


Register/Memory by CL 


|1 1 0 1 0 0 1 w | 


mod TTT r/m | 






5+n,8+n* 


5+n,8+n* 


2 


9 




|1 100090 W] 


moSTtfrn \ 










2 


9 




TTT Instruction 

0 0 0 ROL 
0 0 1 ROR 
0 1 0 RCL 

0 11 RCR 

1 0 0 SHL/SAL 
10 1 SHR 
111 SAR 










AND = And: 


















Reg/memory and register to either 


|0 0 1 0 0 0 d w | 


mod reg r/m | 






2,7* 


2,7* 


2 


9 


Immediate to register/memory 


|1 0 0 0 0 0 0 w | 


mod 100 r/m | 


data 


data if w= 1 | 


3,7* 


3,7* 


2 


9 


Immediate to accumulator 


|0 0 1 0 0 1 0 w | 


data ] 


data if w = 1 




3 


3 






TEST = And function to flags, no result: 


















Register/memory and register 


|1 0 0 0 0 1 0 w | 


mod reg r/m | 






2,6* 


2,6* 


2 


9 


Immediate data and register/memory 


|1 1 1 1 0 1 1 w | 


mod 000 r/m | 


data 


data if w = 1 | 


3,6* 


3,6* 


2 


9 


Immediate data and accumulator 


|1 0 1 0.1 0 0 w | 


data | 


data if w = 1 




3 


3 






OR = Or: 


















Reg/memory and register to either 


|0 0 0 0 1 0 d w| 


mod reg r/m | 






2,7* 


2,7* 


2 


9 


Immediate to register/memory 


|1 0 0 0 0 0 0 w| 


mod 001 r/m | 


data 


data if w = 1 | 


3,7* 


3,7* 


2 


9 


Immediate to accumulator 


|0 0 0 0 1 1 0 w I 


data | 


dataifw=1 




3 


3 






YAH — Fv^liiciuo nr* 
AUn — exclusive UT. 


















Reg/memory and register to either 


|0 0 1 1 0 0 d w | 


mod reg r/m J 






2,7* 


2,7* 


2 


9 


Immediate to register/memory 


|1 0 0 0 0 0 0 w | 


mod 110 r/m | 


data 


| data if w = 1 | 


3,7* 


3,7* 


2 


9 


Immediate to accumulator 


jO 0 1 f 0 1 0 w| 


data | 


data if w= 1 




3 


3 






NOT = Invert register/memory 


|1 1 1 1 0 1 1 w | 


mod010 r/m | 






2,7* 


2,7* 


2 


9 


STRING MANIPULATION: 


















MOVS = Move byte/word 


|1 0 1 0 0 1 0 w | 








5 


, 5 


2 


9 


CMPS = Compare byte/word 


|1 0 1 0 0 1 1 w| 








8 


8 


2 


9 


SCAS = Scan byte/word 


|1 0 1 0 1 1 1 w| 








7 


7 


2 


9 


LODS = Load byte/wd to AL'AX 


|1 0 1 0 1 1 0 w | 








5 


5 


2 


9 


StOS = Stor byte/wd from AL/A 


|1 0 1 01 0 1 w| 








3 


3 


2 


9 




10 11 0 1 1 0 Wl 








5 


5 


2 


9,14 




rr? 1 0 it 1 wi 








5 


5 


2 


0,14 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 









CLOCK COUNT 


COMMENTS 


FUNCTION 


FORMAT 




Real 
Address 
Mode 


rroiecieo 
Virtual 

Address 
Mode 


Real 
Address 
Mode 


Prntartail 
rruIBCIBQ 

Virtual 
Address 
Mode 


STRING MANIPULATION (Continued): 

Repeated by count in CX 














MOVS = Move string 


|1 1110 0 1 0 


1 0 1 0 0 1 0 w | 


5 + 4n 


5+4n 


2 


9 


CMPS = Compare string 


11 111001 z 


1 0 1 0 0 1 1 w | 


5+9n 


5 + 9n 


2,8 


8,9 


SCAS = Scan string 


|1 1110 0 1 z 


[ 1 0 1 0 1 1 1 w | 


5+8n 


5 + 8n 


2,8 


8,9 


LODS = Load string , 


|1 1110 0 1 0 


1 1 0 1 0 1 1 0 w | 


5 + 4n 


5 + 4n 


2,8 


8,9 


STOS = Store string 


|1 111001 0 


1 1 0 1 0 1 0 1 w | 


4 + 3n 


4 + 3n 


28 


8 9 








$4-4* 




t 


. **** , 


U 1 t t$M 0 


1 .0.1 f 1 f m\ • ' S F: • - - "1 


$*4f> 


' '^4r ' 


i 




CONTROL TRANSFER 














CALL = Call: 














Direct within segment 


|1 110 10 0 0 


disp-low | disp-high | 


7+m 


7+m 


2 


18 


Register/memory 
indirect within segment 


; h 1 1 1 1 1 1 1 


mod 0 1 0 r/m | 


7+m,11+m* 


7+m,11 +m* 


2,8 


8,9,18 














Direct intersegment 


|1 0 0 110 1 0 


segment offset | 


13 + m 


26 + m 


2 


11,12,18 






segment selector | 










Protected Mode Only (Direct intersegment): 

Via call gate to same privilege level 

Via call gate to different privilege level, no parameters 

Via call gate to different privilege level, x parameters 

ViaTSS 

Via task gate 






41+m 
82+ m 
86+4x+m 
177+ m 
182+m 




8,11,12,18 
8,11,12,18 
8,11,12,18 
8 11 12 18 
8,11,12,18 


Indirect intersegment 


11 1 1 1 1 1 1 1 


mod011 r/m | (moduli) 


16+m 


29+m* 


2 


8,9,11,12,18 


Protected Mode Only (Indirect intersegment): 

Via call gate to same privilege level 

Via call gate to different privilege level, no parameters - 

Via call gate to different privilege level, x parameters 

ViaTSS 

Via task gate 






44+m*' 
83+m* 
90+4x+m* 
180+m* 
185+m* 




8,9,11,12,18 
8,9,11,12,18 
0,9,11,12,18 
8,9,11,12,18 
8,9,1 l!l2il8 


JMP = Unconditional jump: 














Short/long 


|1 110 10 1 1 


disp-low | 


7+m 


7+jjl 




18 


Direct within segment 


|1 110 10 0 1 


disp-low | disp-high | 


7+m 


7+m 




18 


Register/memory indirect within segment |1 111111 1 


mod 1 0 0 r/m | 


7+m,11+m* 


7+m,11+m* 


2 


9,18 














11,12,18 


Direct intersegment 


|1110 10 10 


segment offset | 


11 +m 


23+m 








segment selector | 










Protected Mode Only (Direct intersegment): 

Via call gate to same privilege level 

ViaTSS 

Via task gate 






38+m 
175+m 
180+m 




8,11,12,18 
8,11,12,18 
8,11,12,18 


Indirect intersegment 


M 1 1 1 1 1 1 1 


mod 101 r/m \ (mod * 11) 


15+m* 


26+ m* 


2 


8,9,11,12,18 


Protected Mode Only (Indirect intersegment): 

Via call gate to same privilege level 
ViaTSS : 
Via task gate 






41+m* 
178+m* 
183 +m* 




8,9,11,12,18 
8,9,11,12,18 
8,9,11,12,18 


RET = Return from CALL: 














Within segment 


|1 1 0 0 0 0 1 1 




11 +m 


11+m 


2 


8,9,18 


Within seg adding immed to SP 


|1 1 0 0 0 0 1 0 


data-low | data-high | 


11 + m 


11 + m 


2 


8,9,18 


Intersegment 


|1 10 0 10 1 1 




15 + m 


25 + m 


2 


8,9,11,12,18 


Intersegment adding immediate to SP 


|1 10 0 10 1 0 


! data-low | data-high | 


15 + m 




2 


8,9,11,12,18 


Protected Mode Only (RET): 

To different privilege level 








55 + m 




9,11,12,18 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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FUNCTION 


FORMAT 








CLOCK COUNT 


COMMENTS 


Real 
jumotss 
Mode 


Protected 
Virtusl 
Address 
Mode 


Real 
Address 
Mode 


Virtual 
Address 
Mode 


^rtUTDAI TDIIieCCB /l*«itliM a ijk<lli 

CONTROL TRANSFER (Continued): 


















JE/JZ = Jump on e<jual/zero 


In 1 1 1 n 1 n n 1 
|U 1 1 1 U I u u i 


disp 


. 

=j 




7+mor3 


7+ m or 3 




18 


JL/JNGE = Jump on less/not greater or equal 


|UlllllUU| 


disp 


=j 




7+ m or 3 


7 + m or 3 




18 


JLEAING = Jump on less or equal/not greater 


In 1 1 i 1 1 i n l 

|U 1 1 1 1 1 1 u i 


disp 


=j 




7+mor3 


7+ m or 3 




18 


JB/JNAE = Jump on below/not above or equal 


In 1 1 1 n n 1 n I 

|U 1 1 1 U U l u i 


disp 


=j 




7+mor3 


7 + m or 3 




18 


JBE/JNA = Jump on below or equal/not above 


|U 1 1 1 U l 1 U 1 


disp 


=j 




7+mor3 


7+ m or 3 




18 


JP/JPE — Jump on panty/parity even 


In 1 1 1 1 n 1 n I 
|U 1 I 1 I u 1 u | 


disp 


=j 




7+ mor3 


7+nior3 




18 


JO = Jump on overflow 


In 44 i n n n n \ 
|UlliUUUU| 


disp 


=j 




7+mor3 


7+nior3 




18 


JS = Jump on sign 


\nii4innn\ 
|UlillUUU| 


disp 






7+mor3 


7+mor3 




18 


JNE/JNZ — Jump on not equal/not zero 


|0 11101U1| 


disp 


={ 




7+rnor3 


7+ m or 3 




18 


JNL/JGE = Jump on not less/greater or equal 


jUlllllUlj 


disp 


=j 




7+mor3 


7+roor3 




18 


JNLE/JG = Jump on not less or equal/greater 


|U 1 1 1 1 1 1 1 | 


disp 






7+mor3 


7+nior3 




18 


JNB/JAE = Jump on not below/above or equal 


|n 4 4 4 n n 4 i| 

[UlllUUl 1 | 


disp 


=j 




7+mor3 


7+mor3 




10 


JNBE/JA = Jump on not below or equal/above 


|U 1 I 1 U I 1 1 | 


disp 






7+mor3 


7+mor3 




18 


JNP/JPO = Jump on not par/par odd 


|0111101 1 | 


disp 


-j 




7+mor3 


7+mor3 




18 


JMO = Jump on not overflow 


|0 1 1 1 0 0 0 1 | 


disp 






7+mor3 


7+mor3 




18 


JNS— Jump on not sign 


|0 1 1 1 1 0 0 1 | 


disp 


H 




7+mor3 


7+mor3 




18 


LOOP = Loop CX times 


|1 1 1 0 0 0 1 0 | • 


disp 


<, i 




8+mor4 


8+mor4 




18 


LOOPZ/LOOPE = Loop while zero/equal 


|1 1 1 0 0 0 0 1| 


disp 


j 




8+mor4 


8 + mor4 




18 


LOOPNZ/LOOPNE = Loop while not zero/equal 


|1 1 1 0 0 0 0 0| 


disp 






8+mor4 


8+mor4 




18 


JCXZ = Jump on CX zero 


|1 1 1 0 0 0 1 1 | 


disp 






8+mor4 


8+mor4 




18 




11 1 0 0 1 0 0 0 1 






™* «»t 






f !Ji§V * 


•• 

lav 














Ksjf ■ "< 












lliiiliii 










ft 1 0 0 1 00 1 1 














• %s '^K^ ,s 














f. id A 




INT= Interrupt: 

Type specified 


|1 1 0 0 1 1 0 1 i 


type 


1 




23 + m 




2,7,8 




Type 3 


|1 1 0 0 1 1 0 0| 








23 + m 




2,7,8 




INTO » Interrupt on overflow 


|1 10 0 111 0 | 








24+mor3 




2,6,8 














(3rfno 


(3 if no 






Protected Mode Only: 










interrupt) 


interrupt) 






Via interrupt or trap gate to same privilege level 










40 + m 




7,8,11,12,18 


Via interrupt or trap gate to fit different privilege level 










78+ m 




7,8,11,12,18 


Via Task Gate 












167+m 




7,8,11,12,18 


IRET= Interrupt return 


| 1 10 0 111 1 | 








17+m 


31 +m 


2,4 


8,9,11,12,15,18 


Protected Mode Only: 


















To different privilege level 












55+ m 




8,9,11,12,15,18 


To different task (NT = 1 ) 












169+m 




8,9.11,12,18 


klM^f^^^i^«f range 


}0 1 1 0 0 0 1 of 


*&m r/m, I .... 




tr 


emsiieiS 







. Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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CLOCK COUNT 


COMMENTS 


FUNCTION 


FORMAT 


Real 
Address 
Mode 


Protected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Protected 
Virtual 
Address 
Mode 


PROCESSOR CONTROL 












CLC= Clear carry 

ftllfi = nnmnlampnt rarrw 
vniv — uui i ipivi i ici ii \#ai i y 


|1 1 1 1 1 0 0 0| 
1 1 1 1 1 n 1 n 1 I 


2 
2 


2 
2 








h 1 1 1 1 n n 1 I 

| 1 1 t 1 1 U U 1 | 


2 


2 






CLD = Clear direction 
STD= Set direction 


|1 1 1 1 1 1 0 0 | 
|1 111110 1| 


2 
2 


2 
2 






CLi = uear interrupt 


|1 1111010| 


3 


3 




14 


STI = Set interrupt 
HLT=Halt 


|1 11110 1 1 | 
|1 1110 10 0| 


2 
2 


2 
2 




14 
13 


WAIT = Wait 


|1 0 0 110 1 1 | 


3 


3 






LOCK = Bus lock prefix 


|1 1110000! 


0 


0 




14 


ESC = Processor Extension Escape 


»Hit111|ft80H1H! 

|1 1 0 1 1 T T T | mod LLL r/m | 


2 

9-20 


2 

9-20 


$ 

58 


8,17 


»cu — oeymeru uvernae rreiix 


(TTT LLL are opcode to processor extension) 
1 001 reg110 | 


0 

f 


0 






y jy o j i \ i^i |;y o a;ir g t| mawom j 


11* 


11* 


2,3 


8>13 * 




' ft* . 


.tt* , 




t :. 




fg 000 1 11 f.i.0 o o o o eo if m^nfml 


. tr 


ir 


2,3 


0,1$, 






tr 


-■tr- . 


2J 


: * • 












\ iw$ 


10 000111110000 00001 itKXSOlO r/m f 




17,19* 


1 


? Yrti'TtidMliitiir 

. . . ^^^^^^^^^^ 












10 0001 t1 1| 080 0 0 00 Of «K$d000f8» 1 




2,3* 


1 














fo 1 0001 n 11000000001 '«^$ma» 1 




17,10* 


1 
















10 0001111100 0000001 $0*001 tfm J 






1 


9 " ; 














10 00 0 1 1 1 11 0 0 0 0 0 0 0 11 a«Kft10 r/m | 




$,0* 


2,8 


[ , ' 




|0 0001 1 1 1| 0000000 1! mod 100 r/m I 


2^* 


2,a* ' 




\ ,8 














id 8001 1 1 HOO&'OOOIOI mat reg r/m t 




14.16* 


1 


| * MM* 














(0 000 1 i i ll 0000 00 1 ij modreg r/m [ 




14,t$* 


1 


\ 5.11,1$ 1 


jjH^ inr l^oiff^^^^ft^^^y jowl" 


i 0 1 1 000 1 1| modfegrim | 




10M1* 


2 


; 8,9 




lo 000 1 11 ii ooooooooj mklUm \ 




14,10* 


1 


; MM* : 


VJil&R^lfe^FMHllMGGSSS 


t0 0001 11 1100000 doll mod 101 m \ 




14,16* 


1 


MM* . 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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Footnotes 



The effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 

if mod = 1 1 then r/m is treated as a REG field 

if mod = OOthenDISP = 0*, disp-low and disp-high 

are absent ^ 

if mod = 01'thenDISP = disp-low sign-extended to 

1 6-bits, disp-high is absent 

if mod = 1 0 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m = 010 then EA = (BP) + (SI) + DISP 
if r/m = 01 1 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 then EA = (Dl) + DISP * 
if r/m = 110thenEA = (BP) + DISP* 
if r/m = 1 1 1 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 



REG is assigned according to the following table: 
16-Bit (w = 1) 8-Bit(w = 0) 



000 AX 


000 AL 


001 CX 


001 CL 


010 DX 


010 DL 


011 BX 


011 BL 


100 SP 


100 AH 


101 BP 


101 CH 


110 SI 


110 DH 


111 Dl 


111 BH 



The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op- 
erands of the string primitive operations (those ad- 
dressed by the Dl register) are computed using the ES 
segment, which may not be overridden. 



SEGMENT OVERRIDE PREFIX 

lO 0 1 reg 1 1 Ol 

reg is assigned according to the following: 

Segment 
reg Register 

00 ES 

01 CS 

10 SS 

11 DS 
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80287 
80-Bit HMOS 
NUMERIC PROCESSOR EXTENSION 

80287-3 



High Performance 80-Bit Internal 
Architecture 

Implements Proposed IEEE Floating 
Point Standard 754 

Expands iAPX 286/10 Datatypes to 
Include 32-, 64-, 80-Bit Floating Point, 
32-, 64-Bit Integers and 18-Digit BCD 
Operands 

Object Code Compatible with 8087 

Built-in Exception Handling 

Operates in Both Real and Protected 
Mode iAPX 286 Systems 



Protected Mode Operation Completely 
Conforms to the iAPX 286 Memory 
Management and Protection 
Mechanisms 

Directly Extends iAPX 286/10 Instruction 
Set to Trigonometric, Logarithmic, 
Exponential and Arithmetic Instructions 
for All Datatypes 

8x80-Bit, Individually Addressable, 
Numeric Register Stack 

Available in EXPRESS— Standard 
Temperature Range 



The Intel® 80287 is a high performance numerics processor extension that extends the iAPX 286/10 
architecture with floating point, extended integer and BCD datatypes. The iAPX 286/20 computing system 
(80286 with 80287) fully conforms to the proposed IEEE Floating Point Standard. Using a numerics 
oriented architecture, the 80287 adds over fifty mnemonics to the iAPX 286/20 instruction set, making the 
iAPX 286/20 a complete solution for high performance numeric processing. The 80287 is implemented in 
N-channel, depletion load, silicon gate technology (HMOS) and packaged in a 40-pin ceramic package. 
The iAPX 286/20 is object code compatible with the iAPX 86/20 and iAPX 88/20. 



BUS INTERFACE UNIT 



NUMERIC EXECUTION UNIT 





D D2 



NOTE: 

N.C. PINS MUST NOT BE CONNECTED. 



Figure 1. 80287 Block Diagram Figure 2. 80287 Pin Configuration 



Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit 
Patent Licenses are Implied. , OCTOBER 1983 

©INTEL CORPORATION, 1983. ' ORDER NUMBER: 210920-002 
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Table 1. 80287 Pin Description 



Symbols 


Type 


Name and Function 


CLK 


I 


Clock input: this clock provides the basic timing for internal 80287 opera- 

tinnQ .Qnorinl MO.Q Im/ol innntQ aro rctrmirarl Tho fXOOfKA or flOflA.iL C\l VC 

outputs are compatible to this input. 


vyiNIVI 


i 


wiuuK Muue signal, indicates wneiner inpui is 10 ue uivitieu uy o or 
used directly. A HIGH input will cause CLK to be used directly. This input 
may be connected to V cc or V ss as appropriate. This input must be either 
HIGH or LOW 20 CLK cycles before RESET goes LOW. 


RESET 


1 


System Reset: causes the 80287 to immediately terminate its present ac- 
tivity and enter a dormant state. RESET is required to be HIGH for more than 
4 80287 CLK cycles. For proper initialization the HIGH-LOW transition must 
occur no sooner than 50 fjus after Vqc and C LK meet tne ' r D -C- and A.C. 
specifications. 


D15-D0 


I/O 


Data: 16-bit bidirectional data bus. Inputs to these pins may be applied 
asynchronous to the 80287 clock. 


BUSY 


0 


Busy status: asserted by the 80287 to indicate that it is currently executing 
a command. 


ERROR 


0 


Error status: reflects the ES bit of the status word. This signal indicates 
that an unmasked error condition exists. 


PEREQ. 


0 


Processor Extension Data Channel operand transfer request: a HIGH on 
this output indicates that the 80287 is ready to transfer data. PEREQ will be 
disabled upon assertion of PEACK or upon actual data transfer, whichever 
occurs first, if no more transfers are required. 


PEACK 


1 


Processor Extension Data Channel operand transfer ACKnowledge: ack- 
nowledges that the request signal (PEREQ) has been recognized. Will 
cause the request (PEREQ) to be withdrawn in case there are no more 
transfers required. PEACK may be asynchronous to the 80287 clock. 


NPRD 


1 


Numeric Processor Read: Enables transfer of data from the 80287, This 
input may be asynchronous to the 80287 clock. 


NPWR 


1 


Numeric Processor Write: Enables transfer of data to the 80287. This input 
may be asynchronous to the 80287 clock. 


NPS1, NPS2 


1 


Numeric Processor Selects: indicate the CPU is performing an ESCAPE instruc- 
tion. Concurrent assertion of these signals (i.e., NPS1 is LOW and NPS2 is 
HIGH) enables the 80287 to perform floating point instructions. No data trans- 
fers involving the 80287 will occur unless the device is selected via these 
lines. These inputs may be asynchronous to the 80287 clock. 


CMD1, CMDO 


1 


Command lines: These, along with select inputs, allow the CPU to direct the 
operation of the 80287. 

These inputs may be asynchronous to the 80287 clock. 
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Table 1. 80287 Pin Description (cont.) 



Symbols 


Type 


Name and Function 


CLK286 


1 


CPU Clock: This input provides a sampling edge for the 80287 inputs ST, SO, 
COD/INTA, READY, and HLDA, It must be connected to the 80286 CLK input. 


SI, SO 
COD/INTA 


1 


Status: These inputs must be connected to the corresponding 80286 pins. 


HLDA 


1 


Hold Acknowledge: This input informs the 80287 when the 80286 controls 
the local bus. It must be connected to the 80286 HLDA output. 


READY 


1 


Ready: The end of a bus cycle is signaled by this input. It must be connected 
to the 80286 READY input. 


v S s 


i 


System ground, both pins must be connected to ground. 


v C c " 


1 


+5V supply 



FUNCTIONAL DESCRIPTION 

The 80287 Numeric Processor Extension (NPX) 
provides arithmetic instructions for a variety of 
numeric data types in iAPX 286/20 systems. It also 
executes numerous built-in transcendental func- 
tions (e.g., tangent and log functions). The 80287 
executes instructions in parallel with a 80286. It 



15 FILE: 

AX I P" 
BX 

cx 

DX 

SI 

Dl 

BP "~ 
SP 



5 ? 
CONTROL REGISTER " 
STATUS REGISTER 
TAG WORD 

- INSTRUCTION POINTER — 



DATA POINTER 

\ i i i ii 



Figure 3. iAPX 286/20 Architecture 



effectively extends the register and instruction set 
of an iAPX 286/10 system for existing iAPX 286 
data types and adds several new data types as well. 
Figure 3 presents the program visible register 
model of the iAPX 286/20. Essentially, the 80287 
can be treated as an additional resource or an 
extension to the iAPX 286/10 that can be used as a 
single unified system, the iAPX 286/20. 





79 


78 64 


63 




0 


R1 


SIGN 


EXPONENT 


SIGNIFICAND 


R2 








R3 








R4 








R5 








R6 








R7 








R8 









15 



I 

0 



FLAGS 



15 



CS 
DS 

ES 
SS 
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The 80287 has two operating modes similar to the 
two modes of the 80286. When reset, 80287 is in 
the real address mode. It can be placed in the 
protected virtual address mode by executing the 
SETPM ESC instruction. The 80287 cannot be 
switched back to the real address mode except by 
reset. In the real address mode, the iAPX 286/20 is 
completely software compatible with iAPX 86/20, 
88/20. 

Once in protected mode, all references to memory 
for numerics data or status information, obey the 
iAPX 286 memory management and protection 
rules giving a fully protected extension of the 
80286 CPU. In the protected mode, iAPX 286/20 
numerics software is also completely compatible 
with iAPX 86/20 and iAPX 88/20. 



SYSTEM CONFIGURATION 

As a processor extension to an 80286, the 80287 
can be connected to the CPU as shown in Figure 4. 
The da ta c hanne l control sign als (PEREQ, 
PEACK), the BUSY signal and the NPRD, NPWR 
signals, allow the NPX to receive instructions and 
data from the CPU. When in the protected mode, all 
information received by the NPX is validated by the 
80286 memory management and protection unit. 
Once started, the 80287 can process in parallel 
with and independent of the host CPU. When the 
NPX detects an error or exceptio n, it will indicate 
this to the CPU by asserting the ERROR signal. 

The NPX uses the processor extension request and 
acknowledge pins of the 80286 CPU to implement 
data transfers with memory under the protection 
model of the CPU. The full virtual and physical 
address space of the 80286 is available. Data for 
the 80287 in memory is addressed and represented 
in the same manner as for an 8087. 

The 80287 can operate either d irectly from the CPU 
clock or with a dedicated clock. For operation with 
the CPU clock (CKM=0), the 80287 works at one- 
third the frequency of the system clock (i.e., for an 
8 MHz 80286, the 16 MHz system clock is divided 
down to 5.3 MHz). The 80287 provides a capability 
to internally divide the CPU clock by three to pro- 
duce the required internal clock (33% duty cycle). 
To use a higher performance 80287 (8 MHz), an 
8284A clock driver and appropriate crystal may be 
used to directly drive the 80287 with a 1/3 duty 
cycle clock on the CLK input (CKM=1). 



HARDWARE INTERFACE 

Communication of instructions and data operands 
between the 8 0286 and 80 287 is han dled by the 
CMD0, CMD1, RPST, NPS2, RPRD, and RPWR sig- 
nals. I/O port addresses 00F8H, 00FAH, ano* 00FCH 
are used by the 80286 for this communic ation. When 
any of these addresses are used, the N PS1 i nput 
must be LOW and NPS2 input HIGH. The R3RC and 
IOWC outputs of the 82288 identify I/O space trans- 
fers (see Figure 4). CMD0 should be connected to 
latched 80286 A1 and CM01 should be connected to 
latched 80286 A2. The 5T, 50, COD/INTA,READY, 
HLDA, and CLK pins of the 80286 are connected to 
the same named pins on the 80287. 

I/O ports 00F8H to 00FFH are reserved for the 
80286/80287 interface. To guarantee correct oper- 
ation of the 80287, programs must not perform any 
I/O operations to these ports. 

The PEREQ, PEACK, BOsY, and ERROR signals of 
the 80287 are connected to the same-named 80286 
input. The data pins of the 80287 should be directly 
connected to the 80286 data bus. Note that all bus 
drivers connected to the 80286 local bus must be 
inhibited when th e 1 80 286 reads_from the 80287. 
The use of COD/INTA and M/IO in the decoder 
prevents INTA bus cycles from disabling the data 
transceivers. 



PROGRAMMING INTERFACE 

Table 2 lists the seven data types the 80287 sup- 
ports and presents the format for each type. These 
values are stored in memory with the least signifi- 
cant digits at the lowest memory address. Pro- 
grams retrieve these values by generating the 
lowest address. All values should start at even 
addresses for maximum system performance. 

InternaHy the 80287 holds all numbers in the tem- 
porary real format. Load instructions automati- 
cally convert operands represented in memory as 
16-, 32-, or 64-bit integers, 32- or 64-bit floating 
point number or 18-digit packed BCD numbers 
into temporary real format. Store instructions per- 
form the reverse type conversion. 

80287 computations use the processor's register 
stack. These eight 80-bit registers provide the 
equivalent capacity of 40 16-bit registers. The 
80287 register set can be accessed as a stack, with 
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RESET 



READY 
CLK 
SI 
SO 



Vcc 

<> 

i 



READY 
CLK 
SI 
SO 
M/R) 



IOWC 



DT/R 

ALE 
IORC 



20 KO 



20Kn 



A15-A0 



RESET 



READY 
CLK 

SI 80286 

SO D 15 -Do 
M/IO 



PEREQ 



ERROR 

BUSY PEACK 
COD/INTA HLDA 



COD/INT A HLDA 
RESET PEACK 



I 1 

C3 8284A 

:r:.J ' 
I I 




20Kn 



ADDRESS 



233 




A2 


A1 AO E1 


E2 


8205 


E3 


O7 



JL. 



D D D 

CLK 
Q Q Q 



on 



DATA 



OE 
T 

8286 
OR 
8287 



Figure 4. iAPX 286/20 System Configuration 
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Table 2. 80287 Datatype Representation In Memory 



Data 
Formats 



Range 



Precision 



Most Significant Byte 



HIGHEST ADDRESSED BYTE 



7 0 



7 0 



7 0 



7 0 



7 0 



7 0 



7 0 



7 0 



7 0 



7 0 



Word Integer 



10* 



16 Bits 



S MAGNITUDE COMPLEMENT) 



Short Integer 



10* 



32 Bits 



(TWO'S 

COMPLEMENT) 



Long Integer 



10 



19 



64 Bits 



MAGNITUDE 



(TWO'S 

COMPLEMENT) 



Packed BCD 



10 



,18 



18 Digits 



MAGNITUDE 

di7 t di6| d i5 t di 4| di3 t di2 |dn , d 10| d 9 , d 8 , d 7 , d 6 , d 5 , d 4 t d 3 , d 2 , d 1 ,d 0 



Short Real 



10" 



,±38 



24 Bits 



c BIASED 
& EXPONENT 



SIGNIFICAND 



23\ 



Long Real 



1Q ±308 



53 Bits 



BIASED 
EXPONENT 



SIGNIFICAND 



^7 



Temporary Real 



1Q ±4932 



64 Bits 



BIASED 
EXPONENT 



SIGNIFICAND 



NOTES: 

(1) S = Sign bit (0 = positive, 1 = negative) 

(2) d n = Decimal digit (two per byte) 

(3) X = Bits have no significance; 8087 ignores when load- 
ing, zeros when storing. 

(4) a = Position of implicit binary point 

(5) I = Integer bit of significant stored in temporary real, 
implicit in short and long real 



(6) Exponent Bias (normalized values): 

Short Real: 127 (7FH) 
Long Real: 1023 (3FFH) 
Temporary Real: 16383 (3FFFH) 

(7) Packed BCD: (-1) S (D 17 . . .D 0 ) 

(8) Real:(-1) S (2 E " B,AS )(F 0 F 1 ...) 



instructions operating on the top one or two stack 
elements, or as a fixed register set, with instruc- 
tions operating on explicitly designated registers. 

Table 6 lists the 80287's instructions by class. No 
special programming tools are necessary to use 
the 80287 since all new instructions and data types 
are direqtly supported by the iAPX 286 assembler 



and appropriate high level languages. All iAPX 
86/88 development tools which support the 8087 
can also be used to develop software for the iAPX 
286/20 in real address mode. 



Table 3 gives the execution times of some typical 
numeric instructions. / 
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Table 3. Execution Time for Selected 80287 Instructions 



Floating Point Instruction 


Approximate Execution 
Time (ms) 


80287 
(5 MHz Operation) 


Add/Subtract 


14/18 


Multiply (single precision) 


19 


Multiply (extended precision) 


27 


Divide 


39 


Compare 


9 


Load (double precision) 


10 


Store (double precision) 


21 


Square Root 


36 


Tangent 


90 


Exponentiation 


100 



SOFTWARE INTERFACE 

The iAPX 286/20 is programmed as a single pro- 
cessor. All communication between the 80286 and 
the 80287 is transparent to software. The CPU au- 
tomatically controls the 80287 whenever a numeric 
instruction is executed. All memory addressing 
modes, physical memory, and virtual memory of 
the CPU are available for use by the NPX. 

Since the NPX operates in parallel with the CPU, 
any errors detected by the NPX may be reported 
after the CPU has executed the ESCAPE instruc- 
tion which caused it. To allow identification of the 
failing numeric instruction, the NPX contains two 
pointer registers which identify the address of the 
failing numeric instruction and the numeric 
memory operand if appropriate for the instruction 
encountering this error. 



INTERRUPT DESCRIPTION 

Several interrupts of the iAPX 286 are used to 
report exceptional conditions while executing 
numeric programs in either real or protected 
mode. The interrupts and their functions are 
shown in Table 4. 



PROCESSOR ARCHITECTURE 

As shown in Figure 1 , the NPX is internally divided 
into two processing elements, the bus interface 
unit (BIU) and the numeric execution unit (NEU). 
The NEU executes all numeric instructions, while 
the BIU receives and decodes instructions, re- 
quests operand transfers to and from memory and 
executes processor control instructions. The two 
units are able to operate independently of one 
another allowing the BIU to maintain asynchro- 
nous communication with the CPU while the NEU 
is busy processing a numeric instruction. 

BUS INTERFACE UNIT 

The BIU decodes the ESC instruction executed by the 
CPU. If the ESC code defines a math instruction, the 
BIU transmits the formatted instruction to the NEU. If 
the ESC code defines an administrative instruction, 
the BIU executes it independently of the NEU. The 
parallel operation of the NPX with the CPU is no rmally 
tran sparent to the user. The BIU generates the BUSY 
and ERROR signals for 80826/80287 processor syn- 
chronization and error notification, respectively. 

The 80287 executes a single numeric instruction at 
a time. When executing most ESC instructions, the 
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Table 4. 80286 Interrupt Vectors Reserved for NPX 



Interrupt Number 


Interrupt Function 


7 


An ESC instruction was encountered when EM or TS of the 80286 MSW was set. 
EM=1 indicates that software emulation of the instruction is required. When TS is 
set, either an ESC or WAIT instruction will cause interrupt 7. This indicates that the 
current NPX context may not belong to the current task. 


9 


The second or subsequent words of a numeric operand in memory exceeded a 
segment's limit. This interrupt occurs after executing an ESC instruction. The saved 
return address will not point at the numeric instruction causing this interrupt. After 
processing the addressing error, the iAPX 286 program can be restarted at the 
return address with IRET The address of the failing numeric instruction and 
numeric operand are saved in the 80287. An interrupt handler for this interruptmi/sf 
execute FNINIT before any other ESC or WAIT instruction. 


13 


The starting address of a numeric operand is not in the segment's limit. The return 
address will point at the ESC instruction, including prefixes, causing this error. The 
80287 Jias not executed this instruction. The instruction and data address in 80287 
refer to a previous, correctly executed, instruction. 


16 


The previous numeric instruction caused an unmasked numeric error. The address 
of the faulty numeric instruction or numeric data operand is stored in the 80287. 
Only ESC or WAIT instructions can cause this interrupt. The 80286 return address 
will point at a WAIT or ESC instruction, including prefixes, which may be restarted 
after clearing the error condition in the NPX. 



80286 tests the 505? pin and waits until the 80287 
indicates that it is not busy before initiating the com- 
mand. Once initiated, the 80286 continues program 
execution while the 80287 executes the ESC instruc- 
tion. In iAPX 86/20 systems, this synchronization is 
achieved by placing a WAIT instruction before an ESC 
instruction. For most ESC instructions, the iAPX 286/20 
does not require a WAIT instruction before the ESC 
opcode. However, the iAPX 286/20 will operate cor- 
rectly with these WAIT instructions. In all cases, a WAIT 
or ESC instruction should be inserted after any 80287 
store to memory (except FSTSW and FSTCW) or load 
from memory (except FLDENV or FRSTOR) before the 
80286 reads or changes the value to be sure the 
numeric value has already been written or read by 
the NPX. 

Data transfers between memory and the 80287, 
when needed , are controll ed by the PEREQ 
PEACK, NPRD, NPWR, NPS1, NPS2 signals. The 
80286 does the actual data transfer with memory 
through its processor extension data channel. 
Numeric data transfers with memory performed by 
the 80286 use the same timing as any other bus 



cycle. Control signals for the 80287 are generated 
by the 80826 as shown in Figure 4, and meet the 
timing requirements shown in the AC require- 
ments section. 

NUMERIC EXECUTION UNIT 

The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, tran- 
scendental, constant and data transfer instructions. 
The data path in the NEU is 84 bits wide (68 signifi- 
cand bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 

When the NEU b egins e xecuting an instruction, it 
activates the BIU BUSY signal. This signal is used 
in conjunction with the CPU WAIT instruction or 
automatically with most of the ESC instructions to 
synchronize both processors. 

REGISTER SET 

The 80287 register set is shown in Figure 5. Each of 
the eight data registers in the 8087's register stack 
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Figure 5. 80287 Register Set 



is 80 bits wide and is divided into "fields" corre- 
sponding to the NPX's temporary real data type. 

At a given point in time the TOP field in the status 
word identifies the current to p-of-stack register. A 
"push" operation decrements TOP by 1 and loads a 
value into the new top register. A "pop" operation 
stores the value from the current top register and 
then increments TOP by 1. Like 80286 stacks in 
memory, the 80287 register stack grows "down" 
toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instructions 
implicitly address the register pointed by the TOP. 
Other instructions allow the programmer to explicitly 
specify the register which is to be used. This explicit 
register addressing is also "top-relative." 



STATUS WORD 

The 16-bit status word (in the status register) 
shown in Figure 6 reflects the overall state of the 
80287. It may be read and inspected by CPU code. 
The busy bit (bit 15) indicates whether the NEU is 
executing an instruction (B = 1) or is idle (B = 0). 



The instructions FSTSW, FSTSW AX, FSTENV, and 
FSAVE which store the status word are executed 
exclusively by the BIU and do not set the busy bit 
themselves or require the Busy bit be cleared in 
order to be executed. 

The four numeric condition code bits (C 0 -C 3 ) are 
similar to the flags in a CPU: instructions that perform 
arithmetic operations update these bits to reflect the 
outcome of NPX operations. The effect of these 
instructions on the condition code bits is summarized 
in Tables 5a and 5b. 

Bits 1 4-1 2 of the status word point to the 80287 regis- 
ter that is the current top-of-stack (TOP) as described 
above. Figure 6 shows the six error flags in bits 5-0 of 
the status word. Bits 5-0 are set to indicate that the 
NEU has detected an exception while executing an 
instruction. The section on exception handling explains 
how they are set and used. 

Bit 7 is the error summary status bit. This bit is set if 
any unmasked exception bit is set and cleared other- 
wise. If this bit is set, the ERROR signal is asserted. 
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15 0 
| B |C 3 | TOP | C2 | Ci | Cq|es| X |pe|ue|oe|ze|de| IE | 

EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED) 

i 

1 : INVALID OPERATION* 

' DENORMALIZED OPERAND* 

I ZERO DIVIDE* 

' OVERFLOW* 

I UNDERFLOW* 

• PRECISION* 

I (RESERVED) 

' ERROR SUMMARY STATUS 01 

L 1 1 1 CONDITION CODE 2 ' 

' ' 1 * TOP OF STACK POINTER (3) 
NEU BUSY 

" >ES IS SET IF ANY UNMASKED EXCEPTION BIT IS SET, CLEARED OTHERWISE. 
2 SEE TABLE 5 FOR CONDITION CODE INTERPRETATION. 
(3) TOP VALUES 

000 = Register 0 Is Top of Stack 

001 = Register 1 is Top of Stack 

• 

111 = Register 7 is Top of Stack 



*For definitions, see the section on exception handling 



Figure 6. 80287 Status Word 



TAG WORD 

The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the NPX's performance. The eight 
two-bit tags in the tag word can be used, however, to 
interpret the contents of 80287 registers. 



INSTRUCTION AND DATA POINTERS 

The instruction and data pointers (See Figures 8a 
and 8b) are provided for user-written error hand- 
iers. Whenever the 80287 executes a new instruc- 
tion, the BIU saves the instruction address, the 
operand address (if present) and the instruction 
opcode. 80287 instructions can store this data into 
memory. 

The instruction and data pointers appear in one of 
two formats depending on the operating mode of 
the 80287. in real mode, these values are the 20-bit 
physical address and 11 -bit opcode formatted like 
the 8087. In protected mode, these values are the 
32-bit virtual addresses used by the prog rain 



which executed an ESC instruction. The same 
FLDENV/FSTENV/FSAVE/FRSTOR instructions as 
those of the 8087 are used to transfer these values 
between the 80287 registers and memory. 

The saved instruction address in the 80287 will 
point at any prefixes which preceded the instruc- 
tion. This is different than in the 8087 which only 
pointed at the ESCAPE instruction opcode. 

CONTROL WORD 

The NPX provides several processing options 
which are selected by loading a word from memory 
into the control word. Figure 9 shows the format 
and encoding of fields in the control word. 

The low order byte of this control word configures 
the 80287 error and exception masking. Bits 5-0 of 
the control word contain individual masks for each 
of the six exceptions that the 80287 recognizes. 
The high order byte of the control word configures 
the 80287 operating mode including precision, 
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Table 5a. Condition Code Interpretation 



insiiuciion 
Type 


C3 


C2 


Ci 


Cb 


Interpretation 


Compare, Test 


0 , 


0 


X 


0 


ST > Source or 0 (FTST) 




0 


0 


X 


1 


ST < Source or 0 (FTST) 




1 


0 


X 


0 


ST = Source or 0 (FTST) 




1 


1 


X 


1 


ST is not comparable 


Remainder 


Qi 


0 


Q Q 


Q 2 


Complete reduction with 












three low bits of quotient 












(See Table 5b) 




u 


1 


u 


u 


Incomplete Reduction 


Examine 


o 


o 


* o 


o 


Valid, positive unnormalized 




o 


o 


o 


1 


Invalid, positive, exponent =0 




o 


o 


1 


0 


Valid, negative, unnormalized 




0 


0 


1 


1 


Invalid, negative, exponent =0 




0 


1 


0 


0 


Valid, positive, normalized 




0 


1 


0 


1 


Infinity, positive 




0 


1 


1 


0 


Valid, negative, normalized 




0 


1 


1 


1 


Infinity, negative 






0 


0 


0 


Zero, positive 






0 


0 


1 


Empty 






0 


1 


* 0 


Zero, negative 






0 


1 


1 


Empty 






1 


0 


0 


Invalid, positive, exponent = 0 






1 


0 


1 


Empty 






1 


1 


0 


Invalid, negative, exponent = 0 






1 


1 


1 


Empty 



NOTES: 

1 . ST = Top of stack 

2. X = value is not affected by instruction 

3. U = value is undefined following instruction 

4. Q n = Quotient bit n 



Table 5b. Condition Code Interpretation after 
FPREM Instruction As a Function of 
Dividend Value 



Dividend Range 


Q ? 


Qi 




Dividend < 2 * Modulus 


C3 


Ci 


Qo 


Dividend < 4 * Modulus 


C3 


Qi 


Qo 


Dividend * 4 * Modulus 


02. 


Qr 


Qo 



NOTE; 

1. Previous value of indicated bit, not affected by FPREM 
instruction execution. 



rounding, and infinity control. Thfc precision con- 
trol bits (bits 9-8) can be used to set the 80287 
internal operating precision at less than the 
q'efgtult of temporary r@al (00-bit) precision. This 
can be useful in providing compatibility with the 
early generation arithmetic processors of smaller 
precision than the 80287. The rounding "control 
bits (bits 11 -10) provide for directed rounding and 
true chop as well as the unbiased round to nearest 
even mode specified in the IEEE standard; Control 
over closure of the number space at infinity is also 
provided (either affi he closure: ± «\ or projective 
closure: », is treated as unsigned, may be 
specified). 
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TAG (7) 


TAG (6) 


TAG (5) 


TAG (4) 


TAG (3) 


TAG (2) 


TAG (1) 


TAG (0) 



NOTE: The index i of tag(i) is noj top-relative. A program 
typically uses the "top" field of Status Word to deter- 
mine which tag(i) field refers to logical top of stack. 



TAG VALUES: 

00 = VALID 

01 = ZERO 

10 = INVALID or INFINITY 

11 = EMPTY 



Figure 7. 80287 Tag Word 



15 


0 


MEMORY OFFSET 




CONTROL WORD 


+0 




STATUS WORD 


+2 




TAG WORD 


+4 




IP OFFSET 


• +6 




CS SELECTOR 


,+8 




DATA OPERAND OFFSET 


+ 10 




DATA OPERAND SELECTOR 


+12 









Figure 8a. Protected Mode 80287 Instruction and Data Pointer Image in Memory 



EXCEPTION HANDLING 

The 80287 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exce ptions will cause the assertion of external 
ERROR signal and ES bit of the Status Word if the 
appropriate exception masks are not set. 

The exceptions that the 80287 detects and the 'default' 
, procedures that will be carried out if the exception is 
masked, are as follows: 

Invalid Operation: Stack overflow, stack underflow, 
indeterminate form (0/0, oo, -co, etc) or the use of a 
Non-Number (NAN) as an operand. An exponent value 
of all ones and non-zero significand is reserved to 
identify NANs. If this exception is masked, the 80287 
default response is to generate a specific NAN called 



INDEFINITE, or to propogate already existing NANs 
as the calculation result. 

Overflow: The result is too targe in magnitude to 
fit the specified format. The 80287 will generate an 
encoding for infinity if this exception is masked. 

Zero Divisor: The divisor is zero while the divi- 
dend is a non-infinite, non-zero number. Again, the 
80287 will generate an encoding for infinity if this 
exception is rnasked. 

Underflow: The result is non-zero but too small in 
magnitude to fit in the specified format. If this 
exception is masked the 82087 will denormalize 
(shift right) the fraction until the exponent is in 
range. The process is called gradual underflow. 



4-63 



210920-002 



80287 smmssMFommm 



15 




0 


MEMORY 
OFFSET 

- 




CONTROL WORD 


+0 




STATUS WORD 


+2 




TAG WORD 


+4 




INSTRUCTION POINTIER (15-0) 


+6 




INSTRUCTION. 
POINTER (19-16) 


0 


INSTRUCTION 
OPCODE (10-0) 


+8 




DATA POINTER (15-0) 


+10 




DATA POINTER 
(19-16) 


0 


+12 


15 12 11 


C 





Figure 8b. Real Mode 80287 Instruction and data Pointer Image in Memory 



16 



XXX 



RC 



PC 



|pM Um|om[ 



ZM DM IM 



PRECISION CONTROL 

00 = 24 BITS (SHORT REAL) 

01 = RESERVED 

10 = 53 BITS (LONG REAL) 

11 =64 BITS (TEMP REAL) 



G rounding control 

00 = round to nearest or even 

01 = ROUND DOWN (TOWARD -*) 

10 = ROUND UP (TOWARD +*) 

11 = CHOP (TRUNCATE TOWARD ZERO) 



EXCEPTION MASKS (1 = EXCEPTION IS MASKED) 

INVALID OPERATION 

DENORMALIZED OPERAND 

ZERO DIVIDE 

OVERFLOW 

UNDERFLOW 

PRECISION 
(RESERVED) 
(RESERVED) 
PRECISION CONTROL (1) 
ROUNDING CONTROL 2 ' 

INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE) 
(RESERVED) 



Figure 9. 80287 Control Word 
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Denormalized Operand: At least one of the 
operands is denormalized; it has the smallest ex- 
ponent but a non-zero significand. Normal pro- 
cessing continues if this exception is masked off. 

Inexact Result: The true result is not exactly repre- 
sentable in the specified format, the result is rounded 
according to the rounding mode, and this flag is set. 
If this exception is masked, processing will simply 
continue. 

If the error is not masked, the corresponding error 
bit and the error stat us bit (E S) in the control word 
will be set, and the ERROR output signal will be 
asserted. If the CPU attempts to execute another 
ESC or WAIT instruction, exception 7 will occur. 

The error condition must be resolved via an inter- 
rupt service routine. The 80287 saves the address 
of the floating point instruction causing the error 
as well as the address of the lowest memory loca- 
tion of any memory operand required by that 
instruction. 

iAPX 86/20 COMPATIBILITY: 

iAPX 286/20 supports portability of iAPX 86/20 
programs when it is in the real address mode. 
However, because of differences in the numeric 
error handing techniques, error handling routines 
may need to be changed. The differences between 
an iAPX 286/20 and iAPX 86/20 are: 

1 . The NPX error signal does not pass through an 
interrupt controller (8087 INT signal does). 



Therefore, any interrupt controller oriented in- 
structions for the iAPX 86/20 may have to be 
deleted. 

2. Interrupt vector 16 must point at the numeric 
error handler routine. 

3. The saved floating point instruction address in 
the 80287 includes any leading prefixes before 
the ESCAPE opcode. The corresponding saved 
address of the 8087 does not include leading 
prefixes. 

4. In protected mode, the format of the saved in- 
struction and operand pointers is different than 
for the 8087. The instruction opcode is not 
saved*— it must be read from memory if needed. 

5. Interrupt 7 will occur when executing ESC in- 
structions with either TS or EM of MSW= 1 . If TS 
of MSW=1 then WAIT will also cause interrupt 
7. An interrupt handler should be added to han- 
dle this situation. 

6. Interrupt 9 will occur if the second or subse- 
quent words of a floating point operand fall 
outside a segment's size. Interrupt 13 will occur 
if the starting address of a numeric operand 
falls outside a segment's size. An interrupt 
handler should be added to report these pro- 
gramming errors. 

In the protected mode, iAPX 86/20 application 
code can be directly ported via recompilation if the 
286 memory protection rules are not violated. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias . . 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0 to +7V 

Power Dissipation 3.0 Watt 



*NOTICE: Stresses above those listed under Ab- 
solute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only 
arid functional operation of the device at these or 
any other conditions above those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS T A = 0°C to 70°C, V cc = 5V, +/-5% 

5 MHz 



symbol 


Parameter 


-o Mm 


-3 max 


1 InU 

unit 


Test Conditions 


VlL 


Input LOWVoltage 


-.5 


.8 


V 




V,H 


Input HIGH Voltage 


2.0 


V cc + -5 


V 




V|LC 


Clock Input LOW Voltage 
CKM = 1 : 
CKM = 0: 


-.5 
-.5 


.8 
.6 


V 
V 




V,HC 


Clock Input HIGH Voltage 
CKM = 1 : 
' CKM = 0: 


2.0 
3.8 


Vcc+1 
Vcc + 1 


V 
V 




Vol 


Output LOW Voltage 




.45 


V 


l 0L = 3.0 mA 


Voh 


Output HIGH Voltage 


2.4 




V 


Iqh = -400 mA 


«LI 


Input Leakage Current 




±10 


juA 


OV <V IN <V CC 


Ilo 


Output Leakage Current 




±10 


jiiA 


.45V<Vo UT <Vcc 


Ice 


Power Supply Current 




475 


mA 






Input Capacitance 




10 


PF 


F c = 1 MHz 


Co 


Input/Output Capacitance 
(D0-D15) 




20 


PF 


F c = 1 MHz 


CcLK 


CLK Capacitance 




12 


PF 


F c = 1 MHz 
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A.C. CHARACTERISTICS (T A = 0°C to 70°C, V cc + 5V=/-5%y 
TIMING REQUIREMENTS 



A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted. 

5 MHz 



Symbol 


Parameter 


-3Min 


-3 max 


Unit 


Test Conditions 


T CLCL 


CLK Period 

CKM = 1: 

CKM = 0- 
vyrvivi V/. 


200 
ftp R 


500 

C.\J\J 


ns 

1 IO 




T CLCH 


CLK LOW Time 
CKM = 1: 
CKM = 0: 


118 
15 


* 

230 


ns , 
ns 


At 0.8V 
At 0.6V 


TcHCL ' 


CLK HIGH Time 
CKM = 1 : 
CKM = 0: 


69 
20 


235 


ns 
ns 


At 2.0V 
At 3.8V 


T CH1CH2 


CLK Rise Time 




10 


ns 


1.0Vto3.5Vif CKM = 1. 


T CL2CL1 


CLK Fall Time 




10 


ns 


3.5V to 1.0V if CKM = 1. 


T DVWH 


Data Setup to NPWR Inactive 


75 




ns 




T WHDX 


Data Hold from NPWR Inactive 


30 




ns 




T WLWH» 
T RLRH 


RPWR, RPRD Active Time 


95 




ns 


At 0.8V 


T AVRL» 
T AVWL 


Command Valid to NPWR or 
RPRD Active 


0 




ns 




T MHRL 


Minimum Delay from PEREQ 
Active to NPRD Active 


130 




ns 




^KLKH 


PEACK Active Time 


85 




ns 


At 0.8V 


T 

' KHKL 


rCMUrx maCllVe 1 ime 






ns 


At O fi\/ 
Ml Z.UV 


"^"khch 


PEACK Inactive to NPWR, RPRD 
Inactive 


50 




ns 




T CHKL 


NPWR, RPRD Inactive to PEACK 
Active 


-30 




ns 




T WHAX» 
T RHAX 


Command Hold from NPWR, 
NPRD Inactive 


30 




ns 




Tklcl 


PEACK Active Setup to RPWR, 
RPRD Active 


50 




ns 




T 2CLCL 


CLK286 Period 


62.5 




ns 




T 2CLCH 


CLK286 LOW Time 


15 




ns 


At 0.8V 


T 2CHCL 


CLK286 HIGH Time 


20 




ns 


At 2.0V 


T 2SVCL 


30, 3T Setup Time to CLK286 


22.5 




ns 




T 2CLSH 


30, 3T Hold Time from CLK286 


0 




ns 
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A.C. CHARACTERISTICS, continued 
TIMING REQUIREMENTS 

5 MHz 



Symbol 


Psrameter 


-3Min 


-3 max 


Unit 


Test Conditions 


T"ciVCL 


COD/FNTO Setup Time to CLK286 


0 




lis 




"^"cLCIH 


COD/INTAHold Time from CLK286 


0 




ns 




Trvcl 


READY Setup Time to CLK286 


38.5 




ns 




T CLRH 


RESD7 Hold Time from CLK286 


25 




ns 


< 


Thvcl 


HLDA Setup Time to CLK286 


0 




ns 




T CLHH 


HLDA Hold Time from CLK286 


0' 




ns 




^vcu 


NPWR, NPRD to CLK Setup Time 


70 




ns 


NOTE 1 


T CLIH 


NPWR, NPRD from CLK Hold Time 


45 




ns 


NOTE 1 


T RSCL 


RESET to CLK Setup Time 


20 




ns 


NOTE 1 


T CLRS 


RESET from CLK Hold Time 


20 




ns 


NOTE 1 


A.C. CHARACTERISTICS, 
TIMING RESPONSES 

5 MHz 


Symbol 


Parameter 


-3Min 


-3 max 


Unit 


Test Conditions 


Trhqz 


NPRD Inactive to Data Float 




37.5 


ns 


NOTE 2 


T RLQV 


NPRD Active to Data Valid 




60 


ns 


NOTE 3 


T ILBH 


ERROR Active to BUSY Inactive 


100 




ns 


NOTE 4 


TWLBV 


FJFWR Active to BDS7 Active 




100 


ns 


NOTE 5 


T KLML 


PEACK Active to PEREQ Inactive 




127 


ns 


NOTE 6 


T CMDI 


Command Inactive Time 
Write-to-Write 
Read-to-Read 
Write-to-Read 
Read-to-Write 


95 
250 
105 
95 




ns 
ns 
ns 
ns 


At 2.0V 
At 2.0V 
At 2.0V 
At 2.0V 


T RHQH 


Data Hold from NPRD Inactive 


5 




ns 


NOTE 7 



NOTES: 

1 . This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK edge. 

2. Float condition occurs when output current is less than Ilo on D0-D1 5. 

3. D0-D1 5 loading: CL = 1 0OpF. 

4. BUSY loading: CL=100pF. 

5. BUSY loading: CL = 1 0OpF. 

6. On last data transfer of numeric instruction. 

7. D0-D1 5 loading: CL = 1 0OpF. 
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WAVEFORMS (cont.) 



DATA TRANSFER TIMING (INITIATED BY 80286) 

ZDtzzz: 



CMD0 CMD1 
F,NPS2 



D 0 -D 15 - 
NPWR- 



VALID 



TRLQV 



TAVWL 



— TRHQZ- 
-TRHQH — i 



DATA OUT 
VALID 



\ J 



D0-D1 5 DATA MAY CHANGE 



TDVWH 



-TWHAX- 



TWHDX 



\ DATA IN Gr 
/ 5 __VAL l D__ J \ 



TWLBN 



BUSY 



X 



X 



DATA MAY CHANGE 



DATA 

TRANSFER 

FROM 

80287 



DATA 

TRANSFER 
TO 

80287 



DATA CHANNELTIMING (INITIATED BY 80287) 



CMD0. CMD1 
RFS1,NPS2 



TAVWL 
TAVRL 



NPRD«RFWH 



-TMHRL- 



J- V 

^ muni w v. ■■■ 



PEACK 



TRHAX 
TWHAX 



X 



-TCHKL- 



'1 t X 
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WAVEFORMS (cont.) 




80286 STATUS TIMING 




NOTES: 

1. This input transition occurs before Ts- 

2. This input transition occurs after Tc- 
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WAVEFORMS (Reset, NPWR, NPRD are inputs asynchronous to CLK. Timing requirements on this page 

are given for testing purposesonly, to assure recognition ata specific CLK edge.) 



CLK 
(IFCKM = 1) 



RESET 



CLK, RESET TIMING (CKM = 1) 



<t>7 



01 



1 CLIH " 



-«- T IVCL-»* 



CLK 
(IF CKM = 1) 



NPRD, 
NPWR 



CLK, NPRD, NPWR TIMING (CKM = 1) 

</> 1 | (l> 0 | <p x 



/ — \ r~\ 



'CLIH 



IVCL" 



CLK, RESET TIMING (CKM = 0) 



CLK 
(IF CKM = 0) 



RESET 



PHASE INDETERMINATE 




NOTE: Reset must meet timing shown to guarantee known phase of internal -h 3 circuit. 



CLK, NPRD, NPWR TIMING (CKM = 0) 

d> 2 01 



CLK 
(IF CKM = 0) 




NPRD, 
NPWR 









* T IVUL * 
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Table 6. 80287 Extensions to the 80286 Instruction Set 



Data Transfer 

FLD = LOAD 

Integer/Real Memory to ST(0) 



Optional 
8,16 Bit 
Displacement 



32 Bit 
Real 



Clock Count Range 



00 



32 Bit 
Integer 



64 Bit 
Real 



16 Bit 
Integer 



ESCAPE MF 1 | MOD 0 0 0 R/M | ~ ~ DISp" ~| 38-56 52-60 40-60 46-54 
Long Integer Memory to ST(0) , |jESCAPE 1 1 1 MOD 1 0 1 R/M DISP^ j 60-68 

DISP ! 53-65 



Temporary Real Memory to 
ST(0) 

BCD Memory to ST(0) 
ST(i) to ST(0) 

FST = STORE 

ST(0) to Integer/Real Memory 
ST(0) to ST(i) 

FSTP = STORE AND POP 
ST(0) to Integer/Real Memory 

ST(0) to Long Integer Memory 

ST(0) to Temporary Real 
Memory 

ST(0) to BCD Memory 
ST(0) to ST(i) 

FXCH - Exchange ST(i) and 
ST(0) 

Comparison 
FCOM = Compare 
Integer/Real Memory to ST(0) 

ST(i) to ST (0) 

FCOMP = Compare and Pop 

Integer/Real Memory to ST(0) 
ST(i) to ST(0) 

FCOMPP = Compare ST(1) to 
ST(0) and Pop Twice 

FTST = Test ST(0) 
FXAM = Examine ST(0) 



ESCAPE 0 1 1 



MOD 1 0 1 R/M 



ESCAPE 1 1 1 



MOD 1 0 0 R/M 



DISP 



ESCAPE 0 0 1 1 1 0 0 0 ST(i) 



ESCAPE MF 1 



MOD 0 1 0 R/M 



ESCAPE 10 1 110 10 ST(i) 



ESCAPE MF 1 MOD 0 1 1 R/M 



DISP 



ESCAPE 1 1 1 



MOD 1 1 1 R/M 



ESCAPE 0 1 1 



MOD 1 1 1 R/M 



ESCAPE 1 1 1 



MOD 1 1 0 R/M 



DISP 
DISP 
DISP 



| ESCAPE 1 0 1 


110 11 SJ(i) 








ESCAPE 0 0 1 


110 0 1 ST(i) 








ESCAPE MF 0 


MOD 0 1 0 R/M 


DISP 






ESCAPE 0 0 0 


110 10 ST(i) 








| ESCAPE MF 0 | MOD 0 1 1 R/M | DISP 


| ESCAPE 0 0 o| 1 1 0 1 1 ST(i) 






| ESCAPE 1 1 0 [ 1 1 011001 








ESCAPE 0 0 1 


11 10 0 10 0 








| ESCAPE 00l|l1 100101 





290-310 
17-22 



84-90 82-92 96-104 80-90 
15-22 



i-92 84-94 
94-105 

52-58 
520-540 
17-24 

10-15 



-106 82-92 



40-50 



63-73 80-93 67-77 74-88 
45-52 

45-55 

38-48 

12-23 



Mnemonics © Intel 1982 
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Table 6. 80287 Extensions to the 80286 Instruction Set (cont) 



Constants 





Optional 


Clock Count Range 






8,16 Bit 


32 Bit 


32 Bit 


64 Bit 


16 Bit 




Displacement 


Real 


Integer 


Real 


Integer 


MF = 


00 


01 


10 


11 



FLDZ = LOAD + 0.0 into ST(0) | ESCAPE 0 0 1 | 



FLD1 = LOAD + 1 .0 into ST(0) | ESCAPE 0 0 1 | 
FLDPI = LOAD it into ST(0) I ESCAPE 0 0 1 



FLDL2T = LOAD log 2 10 into 
ST(0) 

FLDL2E = LOAD log 2 e into 
ST(0) 

FLDLG2 = LOAD log™ 2 into 
ST(0) 



FLDLN2 = LOAD log e 2 into 
ST(0) 



Arithmetic 

FADD = Addition 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 



ESCAPE 0 0 1 



ESCAPE 0 0 1 



ESCAPE 0 0 1 



ESCAPE 0 0 1 



10 1110 



10 10 0 0 



10 10 11 



10 10 0 1 



10 10 10 



10 110 0 



10 110 1 



ESCAPE MF 0 



MOD 0 0 0 R/M 



DISP 



ESCAPE d P 0 



1 1 0 0 0 ST(i) 



FSUB = Subtraction 

Integer/Real Memory with ST(0) | ESCAPE MF 0 | MOD 1 0 R R/M ~]~ ~DISp" 



ST(i) and ST(0) 

FMUL = Multiplication 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FDIV = Division 

Integer/Real Memory with ST(0) 

ST(i) and ST(0) 



ESCAPE d P 0 



1 1 1 0 R R/M 



ESCAPE MF 0 



MOD 0 0 1 R/M 



DISP 



ESCAPE d P 0 1 1 0 0 1 R/M 



ESCAPE MF 0 



MOD 1 1 R R/M 



DISP 



ESCAPE d P 0 1 1 1 1 R R/M 



FSQRT = Square Root of ST(0) ESCAPE 0 0 1 111110 10 
FSCALE = Scale ST(0) by ST(1) 



ESCAPE 0 0 1 



11 11110 1 



FPREM = Partial Remainder of 
ST(0) +ST(1) 

FRNDINT = Round ST(0) to 
Integer 



ESCAPE 0 0 1 



11 1110 0 0 



11-17 

15- 21 

16- 22 

16- 22 
15-21 

18-24 

17- 23 



90-120 108-143 95-125 102-137 
70-100 (Note 1) 

90-120 108-143 95-125 102-137 
70-100 (Note 1) . 

110-125 130-144 112-168 124-138 
90-145 (Notel) 

215-225 230-243 220-230 224-238 
193-203 (Notel) 

180-186 
32-38 

15-190 



ESCAPE 0 0 1 



11 11110 0 



NOTE: 

1. If P=1 then add 5 clocks. 
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Table 6. 80287 Extensions to the 80286 Instruction Set (cont.) 



Optional 
8,16 Bit 
Displacement 



FXTRACT = Extract 
Components of St(0) 

FABS =- Absolute Value of 
ST(0) 

FCHS = Change Sign of ST(0) 

Transcendental 

FPTAN = Partial Tangent of 
ST(0) 

FPATAN = Partial Arctangent 
of ST(0) -ST(1) 

F2XM1 = 2 ST(0) -1 

FYL2X = ST(1)» Log 2 

[ST(0)] 

FYL2XP1 = ST(1)« Log 2 
IST(O) +1] 

Processor Control 

FINIT = Initialize NPX 

FSETPM - Enter Protected 
Mode 

FSTSWAX = Store Control 
Word 

FLDCW = Load Control Word 

FSTCW = Store Control Word 

FSTSW - Store Status Word 

FCLEX = Clear Exceptions 

FSTENV = Store Environment 

FLDENV = Load Environment 

FSAVE = Save State 

FRSTOR = Restore State 

FINCSTP = Increment Stack 
Pointer 

FDECSTP = Decrement Stack 
Pointer 



ESCAPE 0 0 1 


11 110 10 0 






ESCAPE 0 0 1 


1 1 1 0 0 0 0 1 








ESCAPE 0 0 1 


1 1 1 0 0 0 0 0 








ESCAPE 0 0 1 


11 110 0 10 








ESCAPE 0 0 1 


11 110 0 11 








ESCAPE 0 0 1 


1 1 1 1 0 0 0 0 








ESCAPE 0 0 1 


1 1 1 1 0 0 0 1 








ESCAPE 0 0 1 


11 1110 0 1 








ESCAPE 0 1 1 | 1 1 100011 


* 


ESCAPE 0 1 1 


11 10 0 10 0 








ESCAPE 1 1 1 


1 1 1 0 0 0 0 0 








ESCAPE 0 0 1 


MOD 1 0 1 R/M 


DISP \ 




ESCAPE 0 0 1 


MOD 1 1 1 R/M 


DISP \ 




ESCAPE 1 0 1 


MOD 1 1 1 R/M 


DISP | 






ESCAPE 0 1 1 


1 1 1 0 0 0 1 0 








ESCAPE 0 0 1 


MOD 1 1 0 R/M 


DISP | 




ESCAPE 0 0 1 


MOD 1 0 0 R/M | DISP \ 




ESCAPE 1 0 1 


MOD 1 1 0 R/M 


DISP | 




ESCAPE 1 0 1 I MOD 1 0 0 R/M 


DISP j 



ESCAPE 


0 


0 1 


1 1 


110 111 




ESCAPE 


0 


0 1 


1 1 


110 110 



Clock Count Range 

27-55 

10-17 
10-17 

30-540 

250-800 

310-630 
900-1100 
700-1000 

2-8 
2-8 
10-16 
7-14 
12-18 
12-18 
2-8 
40-50 
35-45 
205-215 
205-215 

6-12 
6-12 
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Table 6. 80287 Extensions to the 80288 Instruction Set (cont.) 



Clock Count Range 



| ESCAPE 


1. 




1 1 0 


0 0 


ST(i) | 




| ESCAPE 


0 




1 1 0 


1 0 


0 0 0 | 



FFREE = Free ST(i) | ESCAPE 1, 0 1 | 1 1 0 0 0 ST(i) | 9-16 

10-16 



NOTES: 

1. if mod =00 then DISP=0*, disp-low and disp-high are absent 

if mod =01 then DISP= disp-low sign-extended to 16-bits, disp-high is absent 
if mod=10then DISP=disp-high; disp-low 
if mod=11 then r/m is treated as an ST(i) field 

2. if r/m=000 then EA=(BX) + (SI) +DISP 
if r/m=001 then EA=(BX) + (Dl) +DISP 
if r/m=010 then EA=(BP) + (SI) +DISP 
if r/m=011 then EA=(BP) + (Dl) +DISP 
if r/m=100then EA=(SI) + DISP 

if r/m=101 then EA=(DI) + DISP 
if r/m=110 then EA=(BP) + DISP 
if r/m=111 then EA=(BX) + DISP 

*except if mod=000 and r/m=110 then EA =disp-high; disp-low. 

3. MF= Memory Format 

00— 32-bit Real 

01— 32-bit Integer 

10— 64-bit Real 

11— 16-bit Integer 

4. ST(0)= Current stack top 

ST(i) i th register below stack top 

5. d= Destination 

0— Destination is ST(0) 

1— Destination isST(i) 

6. P= Pop 

0— No pop 

1— PopST(O) 

7. R= Reverse: When d=1 reverse the sense of R 

0— Destination (op) Source 

1— Source (op) Destination 

8. For FSQRT: -0 ST(0) ^ +«> 

For FSCALE: -2 15 ^ ST(1) < +2 15 and ST(1) integer 

For F2XM1: 0 ST(0) 2~ 1 

For FYL2X: 0 < ST(0) «» 

-oo < ST(1) < + oo 
For FYL2XP1 : 0 IST(0)l < (2 - V2)/2 

-oo < ST(1) < oo 
For FPTAN: 0 ^ ST(0) <W4 

For FPATAN: 0 ^ ST(0) < ST(1) < +oo 

9. ESCAPE bit pattern is 11011. 
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82284 

CLOCK GENERATOR AND READY INTERFACE 
FOR iAPX 286 PROCESSORS 

(82284,82284-6) 

18-pin Package 
Single +5V Power Supply 

Generates System Reset Output from 
Schmitt Trigger Input 

Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 

The 82284 is a clock generator/driver which p rovides clock signals for iAPX 286 processors and support compo- 
nents. It also contains logic to supply READY to the CPU from either asynchronous or synchronous sources and 
synchronous RESET from an asynchronous input with hysteresis. 



■ Generates System Clock for iAPX 286 ■ 
Processors 

■ 

■ Uses Crystal or TTL Signal for Frequency 
Source ■ 

■ Provides Local READY and Multibus* ■ 
READY Synchronization 



X1 - 
X2 - 

EFI - 

F/C- 



ARDYEN - 
ARDY - 



SRDYEN - 
SRDY- 



£J 



SYNCHRONIZER 



XTAL 
OSC 



H> 



33- 



SYNCHRONIZER 



33- 



READY 
LOGIC 



3> 



PCLK 
GENERATOR 



Figure 1. 82284 Block Diagram 




Figure 2. 
82284 Pin Configuration 



' Multibus is a patented bus of Intel 



Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are implied 

NOVEMBER 1983 
Order Number 210453-002 



© INTEL CORPORATION 1982 
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Table 1. Pin Description 

The following pin function descriptions are for the 82284 clock generator. 



Symbol 



Typct 



Name and Function 



CLK 



System Clock is the signal used by the processor and support devices which must be synchro- 
nous with the processor. The frequency of the CLK output has twice the desired internal pro- 
cessor clock frequency. CLK can drive both TTL and MPS level inputs. 



F/C 



Frequency/Crystal Select is a strapping option to select the source for the CLK output. When 
F/C is strapped LOW, the internal crystal oscillator drives CLK. When F/C is strapped HIGH, 
the EFI input drives the CLK output. 



X1.X2 



Crystal In are the pins to which a parallel resonant fundamental mode crystal is attached for 
the internal oscillator. When F/C is LOW, the internal oscillator will drive the CLK output at the 
crystal frequency. The crystal frequency must be twice the desired internal processor clock 
frequency. 



EFI 



External Frequency In drives CLK when the F/C input is strapped HIGH. The EFI input fre- 
quency must be twice the desired internal processor clock frequency. 



PCLK 



Peripheral Clock is an output which provides a 50% duty cycle clock with 1/2 the frequency of 
CLK. PLCK will be in phase with the internal processor clock following the first bus cycle after 
the processor has been reset. 



ARDYEN 



Asynchro nous Ready Enable is an active LOW input which qualifies the AR DY input. 
ARDYEN selects ARDY as the source of ready for the current bus cycle. Inputs to ARDYEN 
may be applied asynchronously to CLK. Setup and hold times are given to assure a guaranteed 
response to synchronous inputs. 



ARDY 



Async hronous Ready is an active L OW inpu t used to terminate the current bus cycle. The 
ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied asynchronously to CLK. 
Setup and hold times are given to assure aguaranteed response to synchronous inputs. 



SRDYEN 



Synch ronous Ready En able is a n active LOW input which qualifies SRDY. SRDYEN selects 
SRDY as the source for READY to the CPU for the current bus cycle. Setup and hold times 
must be satisfied for proper operation. 



SRDY 



Synchronous Ready is an active LOvV input used to terminate the current bus cycle. The SRDY 
input is qualified by the SRDYEN input. Setup and hold times must be satisfied for proper oper- 
ation. 



READY 



Ready is an active LOW output w hich signal s the current bus c ycle is to be completed., The 
SR DY, SRD YEN, ARDY, ARDY EN, S1, S O and RES inputs control READY as explained later in 
the READY generator section. READY is an open collector output requiring an external. 300 
ohm pullup resistor. 



S0,S1 



Status inputs prepare the 82284 for a su bsequen t bus cycle. SO and S1 synchronize PCLK to 
the internal processor clock and control READY. These inputs have pullup resistors to keep 
them HIGH if nothing is driving them. Setup and hold times must be satisfied for proper oper- 
ation. 



RESET 



Reset is an active HIGH output which is derived fro m the RE S input. RESET is used to force the 
system into an initial state. When RESET is active, READY will be active (LOW). 



RES 



Rese t In is an active LOW input which generates the system reset signal RESET. S ignals to 
RES may be applied asynchronously to CLK. A Schmitt trigger input is provided on RES, so 
that an RC circuit can be used to provide a time delay. Setup and hold times are given to assure 
a guaranteed response to synchronous inputs. 



v cc 



System Power: +5V power supply 



GND - 



System Ground: 0 volts 



FUNCTIONAL DESCRIPTION 
Introduction 

■I 

The 82284 generates the clock, ready, and reset sig- 
nals required for iAPX 286 processors and support 
components. The 82284 is packaged in an 18-pin DIP 
and contains a crystal controlled oscillator, MOS 
clock generator, peripheral clock generator; Multibus 



ready synchronization logic and system reset genera- 
tion logic. 

Clock Generator 

The f CLK output provides the basic timing control for * 
an iAPX 286 system. CLK has output characteristics 
suff icient to drive MOS devices. CLK is generated by 
either an internal crystal oscillator or an external 
source as selected by the F/S strapping option. When 
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F/fJ is LOW, the crystal oscillator drives the CLK out- 
put. When F/U is HIGH, the EFI input drives the CLK 
output. 

The 82284 provides a second clock output (PCLK) for 
peripheral devices. PCLK is CLK divided by two. 
PCLK has a duty cycle of 50% and TTL output drive 
characteristics. PCLK is normally synchronized to the 
internal processor clock. 

After reset, the PCLK signal may be out of phase with 
the internal processor, clock. The ST and 30 signals of 
the first bus cycle are used to synchronize PCLK to 
the internal processor clock. The phase of the PCLK 
output changes by extending its HIGH time beyond 
one system clock (see waveforms). PCLK is forced 
HIGH whenever either §0 or 5T were active (LOW) for 
the two previous CLK cycles. PCLK continues to os- 
cillate when both §0* and ST are HIGH. 

Since the phase of the internal processor clock will 
not change except during reset, the phase of PCLK 
will not change except during the first bus cycle after 
reset. 

Oscillator 

The oscillator circuit of the 82284 is a linear Pierce os- 
cillator which requires an external parallel resonant, 
fundamental mode, crystal. The output of the oscilla- 
tor is internally buffered. The crystal frequency Cho- 
sen should be twice the required internal processor 
clock frequency. The crystal should have a typical 
load capacitance of 32 pF. 

X1 and .X2 are the oscillator crystal connections. For 
stable operation of the oscillator, two loading capacitors 
are recommended, as shown in Table 2. The sum of 
the board capacitance and loading capacitance should 
equal the values shown. It is advisable to limit stray , 
board capacitances (not including the effect of the 
loading capacitors or crystal capacitance) to less than 
10 pF between the X1 and X2 pines. Decouple V cc and 
GND as close to the 82284 as possible. 



[=3 



C1 fc= 1 C2 

SEE TABLE 

2 FOR 
CAPACITOR 
VALUES 



X2 82284 

READY 

F/C V cc 



► 910 



CLK 



iAPX 286 
CPU or 

SUPPORT 
COMPONENT 
RiADY 



J- DECOUPLING 
J CAPACITOR 



Figure 3. Recommended Crystal and READY 
Connections 



Reset Operation 

The reset logic provides the RESET output to force 
the system into a known, initial state. When the RES 
input is acti ve (LO W), the RESET output becomes ac- 
tive (HIGH). R6S is synchronized internally at the fall- 
ing edge of CL)< before generating the RESET o utput 
(see waveforms). Synchronization of the RES 
input introduces a one or two CLK delay before affect- 
ing the RESET output. 

At power up, a system does not have h ave a stable V C c 
and CLK. To prevent spurious activity, RES should be 
asserted until V cc and CLK stabilize at their operating 
values. iAPX 286 processors and support components 
also require their RESET inputs be HIGH a minimum of 
16 CLK cycles . An RC network, as shown in Figure 4, 
will keep RES LOW long enough to satisfy both needs. 




Figure 4. Typical RC RES Timing Circuit 



A Schmitt trigger input with hysteresis on RES as- 
sur es a single transition of RESET with an RC circuit 
on RES. The hysteresis separates the input voltage 
level at which the circuit output switches between 
HIGH to LOW from the input voltage level at which the 
circu it output switches between LOW to HIGH. The 
RES HI GH to LOW input transition voltage is lower 
than the RES LOW to HI GH inp ut transition voltage. 
As long as the slope of the RES input voltage remains 
in the sa me di rection (increasing or decreasing) 
around the RES input transition voltage, the RESET 
• output will make a single transition. 

Ready Operation 

The 82284 accepts two ready sources for the system 
ready signal which ter minate s the current bus cycle. 
Either a synchronous (SRDY) or asynchronous ready 
(ARDY) source m ay b e used. Ea ch ready input has an 
enable (SRDYEN and ARDYEN) for selecting the type 
of ready source required to terminate the current bus 
• cycle. An address decoder would normally select one 
of the enable inputs. / 
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READY is ena bled ( LO W), if ei ther SRDY + 
SRDYEN - 0 ora FfOY + ARDYEN = 0 wh en sam- 
pled by the 82284 READY generation logic. READY 
will remain active for at least two CLK cycles. 

The READY output has an open-collector driver allowing 
other ready cir cuits to be wire or'ed with it, as shown in 
Figure 3. The READY signal of an iAPX 286 system 
requires an exter nal 91 0 ohm ± 5% pull-up resistor. To 
force the REA DY sign al inactive (HIGH) at the start of a 
bus cycle, the READY output floats when either ST or SO 
are sampled LOW at the falling edge of CLK. Two system 
clo ck perio ds are allowed for the pull-up resisto r to pull 
the signal to V, H . When RESET is active, 
is forced active one CLK later (see waveforms). 

Figure 5 illustrates the operation of SRDY and 



SRDYEN. These inputs are sampled on the falling 
edge o f CLK w hen ST and SO are inactive a nd PCL K is 
HIGH. RE ADY is forced active when both SRDY and 
SRDYEN are sampled as LOW. 

Figure 6 shows the operation of ARDY and ARDYEN. 
These inputs are sampled by an internal synchronizer 
at each falling edge of CLK. The output of the synchro- 
nizer is then sampled when PCLK is HI GH. If the syn- 
chronizer resolved both the ARDY an d ARDYEN have 
been resolved as a ctive, t he SRDY and SRDYEN inputs 
are ignored. Either ARDY or ARDYEN must, be HIGH at 
end of T s (see figure 6). 



READY remains active until either ST or SO are sam- 
pled LOW, or the ready inputs are sampled as inac- 
tive. 



Table 2. 82284 Crystal Loading Capacitance Values 



Crystal Frequency 


C1 Capacitance 


C2 Capacitance 




(Pin 7) 


(pin 8) 


1 to 8 MHz 


60 pF 


40 pF 


8to16MHz 

_ _j__„ 


25 pF 


15 pF 



NOTE: Capacitance values must include stray board capacitance. 




Figure 5. Synchronous Ready Operation 
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Figure 6. Asynchronous Ready Operation 

ABSOLUTE MAXIMUM RATINGS* 'Notice: Stresses above those listed under "Absolute 

Maxmum Ratings" may cause permanent damage to 

Temperature Under Bias 0°C to 70°C the device, This is a stress rating only and functional 

Storage Temperature -65°C to + 1 50°C operation of the device at these or any other condi- 
tions above those indicated in the operational sec- 
All Output and Supply Voltages -0.5V to + 7V tions of this specification is not implied. Exposure to 

All Input Voltages -1.0Vto+55V absolute maximum rating conditions for extended 

periods may affect device reliability. v 

Power Dissipation 1 Watt 



D.C. CHARACTERISTICS (T A = 0°C to 70°C, V cc = 5V, ± 1 0%) 







6 MHz 


8 MHz 






Sym 


Parameter 


-6 
Min 


-6 

Max 


Min 


Max 


Unit 


Test Condition 




Input LOW Voltage 




.8 




.8 


V 




;V, H 


|nput HIGH Voltage 


2.0 




2.0 




V 




V|HR 


RES and EFI Input HIGH Voltage 


2.6 




2.6 




V 




V HYS 


RES input hysteresis 


0.25 




0.25 




V 




Vol 


RESET, PCLK Output LOW Voltage 




.45 




.45 


V 


Iql = 5mA 


Vqh 


RESET, PCLK Output HIGH Voltage 


2.4 




2.4 




V 


l 0 H = -1mA 


'VqLR 


READY, Output LOW Voltage 




.45 




.45 


V 


I 0 l = 7mA 


! V OLC 


CLK Output LOW Voltage 




.45 




.45 


V 


I 0 l = 5mA 


: V OHC 


CLK Output HIGH Voltage 


4.0 




4.0 




V 


•oh = -800juA 


V C 


Input Forward Clamp Voltage 




-1.0 




-1.0 


V* 


l c = -5mA 


If 


Forward Input Current 




-.5 




-.5 


mA 


V F = .45V 


Ir 


Reverse Input Current 




50 ■ 




50 


uA 


Vr = V cc - 


'cc 


Power Supply Current 




145 




145 


mA 




c, 


Input Capacitance 




10 




10 


PF 


F c = 1MHz 
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A.C. CHARACTERISTICS (T A = 0°C to 70°C, V cc = 5V, ± 1 0%) 

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet 
waveforms, unless otherwise noted. 







6 MHz 


8 MHz 




Sym 


Parameter 


-6 
Min 


-6 

Max 


Min 


Max 


Unit 


Test Condition 


1 


EFI to CLK Delay 




35 




30 


ns 


at 1.5V Notel 


2 


EFI LOW Time 


35 




32 




ns 


at 0.8V Note 1 


3 


rn i j i f\ 1. 1 t"» 

EFI HIGH Time 


35 




28 




ns 


at 2.0V Note 1 


4 


CLK Period 


83 


500 


62 


500 


ns 




5 


CLK LOW Time 


20 




15 




ns 


at 0.6V Note 1 Note 2 


6 


S\i is |_J|/'\| I 

CLK HIGH Time 


25 




20 




ns 


at 3.8V Note 1 Note 2 


7 


CLK Rise Time 




10 




10 


ns 


1.0Vto3.5V'Note1 


8 


CLK Fall Time 




10 




10 


ns 


3.5V to 1.0V Notel 


9 


Status Setup Time 


28 




22.5 




ns 


Notel 


10 


Status Hold Time 


0 




0 




ns 


Notel 


1 1 


SRDY or SRDYtN Setup Time 


25 




15 




ns 


Note 1 


1 0 


QpnV nr QPnVPM Hnlrl Timo 

onui or onuYtiN noiu nme 


0 




0 




ns 


Notel 


13 


ARDYorARDYEN Setup Time 


5 




0 




ns 


Note 1 Note 3 


14 


ARDY or ARDYEN Hold Time 


30 




16 




ns 


Note 1 Note 3 


15 


RE§ Setup Time 


25 




16 




ns 


Note 1 Note 3 


16 


RES Hold Time 


10 




0 




ns 


Note 1 Note 3 


17 


READY Inactive Delay 


5 




5 




ns 


at 0.8V Note 4 


18 


READY Active Delay 


0 


33 


0 


24 


ns 


at 0.8V Note 4 


19 


PCLK Delay 


0 


45 


0 


40 


ns 


Note 5 


20 


RESET Delay 


0 


50 


0 


40 


ns 


Note 5 


21 


PCLK LOW Time 


t4-20. 




t4-13. 




ns 


Note 5 Note 6 


22 


PCLK HIGH Time 


t4-20. 




t4-13. 




ns 


Note 5 Note 6 



NOTE 1 : CLK loading: C1 =150pF. 

NOTE 2: With the internal crystal oscillator using recommended crystal and capacitive loading, or with the EFI input meeting specifications 
t2, and t3. Use a parallel-resonant, fundamental mode crystal. The recommended crystal loading for CLK frequencies of 8- 
1 6MHz are 25pF from pin Xi to ground, and 1 5pF from pin X 2 to ground. These recommended values are ± 5pF and include 
all stray capacitance. Decouple V cc and GND as close to the 82284 as possible. 

NOTE 3: This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific CLK edge. 

NOTE 4: READY loading: l 0L = 7mA, C L = 1 50pF. In system application, use 91 0 ohm ±5% pullup resistor to meet 80286, 80286-6 and 
80286-4 timing requirements. 

NOTE 5: PCLK and RESET loading: C L = 75pF. 

NOTE 6: t4 refers to any allowable CLK period. 
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Waveforms 



CLK as a Function of EFI 

© © 




NOTE: The EFI input LOW and HIGH times as shown are required to 
guarentee the CLK LOW and HIGH times shown. 



RESET and READY Timing as a Function of RES 
with S1 and SO HIGH 




RESET Depends on 
state ~ M 



on\/ previous T" 
of A RES / 




NOTE 1: This is an asynchronous input. The setup and hold times 
shown are required to guarantee the response shown. * 
NOTE 2: Tie 910 ohm ±5% pullup resistor to the READY output 



READY and PCLK Timing with RES HIGH 



S1.S0 




NOTE 1: This is an asynchronous input. The setup and hold times 
shown are required to guarantee the response shown. 



NOTE 2: Tie 910 ohm ±5% pullup resistor to the READY output 
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82288 
BUS CONTROLLER 
FOR iAPX 286 PROCESSORS 

(82288,82288-6) 

■ Provides Commands and Control for ■ Optional Multibus* Compatible 
Local and System Bus Timing 

■ Offers Wide Flexibility in System ■ Control Drivers with 16 ma l 0 i_ and 
Configurations 3- State Command Drivers with 

32 ma l 0L 

■ Flexible Command Timing 

■ Single + 5V Supply 

The Intel 82288 Bus Controller is a 20-pin HMOS component for use in iAPX 286 microsystems. The bus 
controller provides command and control outputs with flexible timing options. Separate command out- 
puts are used for memory and I/O devices. The data bus is controlled with separate data enable and direc- 
tion control signals. 

Two modes of operation are possible via a strapping option: Multibus compatible bus cycles, and high 
speed bus cycles. 




STATUS 

so- 
si- 
. M/io- 



3-STATE 
COMMAND 
OUTPUTS 



CLK- 

CONTROL 
INPUTS 

CEN/AEN- 

CENL- 

CMDLY- 



READY- 



STATUS 
DECODER 



COMMAND 
OUTPUT 
LOGIC 



STATE 
MACHINE 



CONTROL 
INPUT 
LOGIC 



CONTROL 
OUTPUT 
LOGIC 



HNTA 
*iORC 

-iowc 

*MRDC 
-MWTC 



CONTROL 
OUTPUT^ 

-►DT/R 
■**DEN 
♦•ALE 
■*\MCE 













READY P 






20 


3 v cc 


CLK [2 


2 




19 


Zl so 




3 




18 


I] M/IO 






82288 






MCE Q 


4 






ZI DT/R 


ALE 


5 




16 




MB |3I 


6 




15 


Z\ CEN/AEN 


CMDLY £ 


7 




14 


H CENL 


MRDC [Z 


8 




13 


□ INTA 


MWTC Q 


9 




12 


^} IORC 


GND Q 


10 






Z\ iowc 



Figure 1. 82288 Block Diagram 



Figure 2. 88228 Pin Configuration 



*Multibus is a patented bus of Intel. 



Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 

NOVEMBER 1983 

©INTEL CORPORATION, 1982 4-83 Order Number 210471-003 
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Table 1. Pin Description 

The following pin function descriptions are for the 82288 bus controller. 



Symbol 



Type 



Name and Function 



CLK 



System Clock provides the basic timing control for the 82288 in an iAPX 286 micro- 
system. Its frequency is twice the internal processor clock frequency. The falling edge 
of this input signal establishes when inputs are sampled and command and control 
outputs change. 



SO, S1 



Bus Cycle Status starts a bus cycle and, along with M/IO, defines the typeof bus cycle. 
These inputs are active LOW. A bus cycle is started when either S1 or SO is sampled 
LOW at the falling edge of CLK. These inputs have pullups sufficient to hold them HIGH 
when nothing drives them. Setup and hold times must be met for proper operation. 



iAPX 286 Bus Cycle Status Definition 


M/IO 


S1 


so 


Type of Bus Cycle 


0 


0 


0 


Interrupt acknowledge 


0 


0 


1 


I/O Read 


0 


1 


0 


I/O Write 


0 


1 


1 


None; idle 


1 


0 


0 


Halt or shutdown 


1 


0 


1 


Memory read 


1 


1 


0 


Memory write 


1 


1 


1 


None; idle 



M/IO 



Memory or I/O Select determines whether the current bus cycle is in the memory space or I/O 
space. When LOW, the current bus cycle is in the I/O space. Setup and hold times must be met 
for proper operation. 



MB 



Multibus Mode Select determines timing of the command and control outputs. When HIGH, the 
bus controller operates with Multibus-compatible timings. When LOW, the bus controlle r opti mizes 
the command and control output timing for short bus cycles. The function of the CEN/AEN input 
pin is selected by this signal. This input is intended to be a strapping option and not dynamically 
changed. This input may be connected to V cc or GND. 



CENL 



Command Enable Latched is a bus controller select signal which enables the bus controller to 
respond to the current bus cycle being initiated. CENL is an active HIGH input latched internally 
at the end of each T s cycle. CENL is used to select the appropriate bus controller for each bus 
cycle in a system where the CPU has more than one bus it can use. This input may be connected 
to V cc to select this 82288 for all transfers. No control inputs affect CENL. Setup and hold times 
must be met for proper operation. 



CMDLY 



Command Delay allows delaying the start of a command. CMDLY is an active HIGH input. If sampled 
HIGH, the command output is not activiated and CMDLY is again sa mpled at the next CLK cycle. 
When sampled LOW the selected command is enabled. If READY is detected LOW "before the 
command output is activated, the 82288 will terminate the bus cycle, even if no command was 
issued. Setup and hold times must be satisfied for proper operation. This input may be connected 
to GND if no delays are required before starting a command. This input has no effect on 82288 
control outputs. 



READY 



READY indicates the end of the current bus cycle. READY is an active LOW input . Multib us mode 
requires at least one wait state to allow the command outputs to become active. READY must be 
LOW during reset, to force the 82 288 into the idle state. Setup and hold times must be met for 
proper operation. The 82284 drives READY LOW during RESET. 
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Table 1. Pin Description (Cont.) 



Symbol 


Type 


Name and Function 


CEN/AEN 


I 


Command Enable/Address Enable controls the command and DEN outputs of the bus 
controller. CEN/AEN inputs may be asynchronous to CLK. Setup and hold times are 
given to assure a guaranteed response to synchronous inputs. This input may be con- 
nected to Vcc or GND. 

When MB is HIGH this pin has the AEN function. AEN is an active LOW input which in- 
dicates that the CPU has been granted use of a shared bus and the bus controller com- 
mand outputs may exit 3-state OFF and become inactive (HIGH). AEN HIGH indicates 
that the CPU does not have control of the shared bus and forces the command outputs 
into 3-state OFF and DEN inactive (LOW). AEN would normally be controlled by an 
82289 bus arbiter which activates AEN when that arbiter owns the bus to which the bus 
controller is attached. 

When MB is LOW this pin has the CEN function, CEN is an unlatched active HIGH input which 
allows the bus controller to activate its command and DEN outputs. With MB LOW, CEN LOW 
forces the command and DEN outputs inactive but does not tristate them. 


ALE 


0 


Address Latch Enable controls the address latches used to hold an address stable dur- 
ing a bus cycle. This control output is active HIGH. ALE will not be issued for the halt 
bus cycle and is not affected by any of the control inputs. 


MCE 


0 


Master Cascade Enable signals that a cascade address from a master 8259A interrupt 
controller may be placed onto the CPU address bus for latching by the address latches 
under ALE control. The CPU's address bus may then be used to broadcast the cascade 
address to slave interrupt controllers so only one of them will respond to the interrupt 
acknowledge cycle. This control output is active HIGH. MCE is only active during inter- 
rupt acknowledge cycles and is not affected by any control input. Using MCE to enable 
cascade address drivers requires latches which save the cascade address on the falling 
edge of ALE. 


DEN 


0 


Data Enable controls when data transceivers connected to the local data bus should 
be enabled. DEN is an active HIGH control output. DEN is delayed for write cycles m 
the Multibus mode. 


DT/R 


0 


Data Transmit/Receive establishes the direction of data flow to or from the local data 
bus. When HIGH, this control output indicates that a write bus cycle is_being performed. 
A LOW indicates a read bus cycle. DEN is always inactive when DT/R changes states. 
This output is HIGH when no bus cycle is active. DT/R is not affected by any of the con- 
trol inputs. 


IOWC 


0 


I/O Write Command instructs an I/O device to read the data on the data bus. This com- 
mand output is active LOW. The MB and CMDLY inputs control when this output 
becomes active. READY controls when it becomes inactive. 


IORC 


0 


I/O Read Command instructs an I/O device to place data onto the data bus. This com- 
mand output is active LOW. The MB and CMDLY inputs control when this output « 
becomes active. READY controls when it becomes inactive. 


MWTC 


0 


Memory Write Command instructs a memory device to read the data on the data bus. 
This command output is active LOW. The MB and CMDLY inputs control when this out- 
put becomes active. READY controls when it becomes inactive. 


MRDC 


0 


Memory Read Command instructs the memory device to place data onto the data bus. 
This command output is active LOW. The MB and CMDLY inputs control when this out- 
put becomes active. READY controls when it becomes inactive. 


INTA 


0 


Interrupt Acknowledge tells an interrupting device that its interrupt request is being 
acknowledged. This command output is active LOW. The MB and CMDLY inputs con- 
trol when this output becomes active. READY controls when it becomes inactive. 


vcc 




System Power +5V power supply 


GND 




System Ground: 0 volts 
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FUNCTIONAL DESCRIPTION 
Introduction 

The 82288 bus controller is used in iAPX 286 
systems to provide address latch control, data 
transceiver control, and standard level-type com- 
mand outputs. The command outputs are timed 
and have sufficient drive capabilities for large TTL 
buses and meet all IEEE-796 requirements for 
Multibus. A special Multibus mode is provided to 
statisfy all address/data setup and hold time re- 
quirements. Command timing may be tailored to t 
special needs via a CMD LY input to determine the 
start of a command and READY to determine the 
end of a command. 

Connection to multiple buses are supported with 
a latched enable input (CENL). An address 
decoder can determine which, if any, bus con- 
troller should be enabled for the bus cycle. This 
input is latched to allow an address decoder to 
take full advantage of the pipelined timing on the 
iAPX 286 local bus. 

Buses shar ed b y several bus controllers are sup- 
ported. An AEN input prevents the bus controller 



from driving the shared bus command and data 
signals except when enabled by an external bus 
arbiter such as the 82289. 

Separate DEN and DT/R outputs control the data 
transceivers for all buses. Bus contention is 
eliminated by disabling DEN before changing 
DT/R. The DEN timing allows sufficient time for 
tristate bus drivers to enter 3-state OFF before 
enabling other drivers onto the same bus. 

The term CPU refers to any iAPX 286 processor or 
iAPX 286 support component which may become 
an iAPX 286 local bus master and thereby drive the 
82288 status inputs. 

Processor Cycle Definition 

Any CPU which drives the local bus uses an, internal 
clock which is one half the frequency of the system 
clock (CLK) (see Figure 3). Knowledge of the phase 
of the local bus master internal clock is required for 
proper operation of the iAPX 286 local bus. The local 
bus master informs the bus controller of its internal 
clock phase when it asserts the status signals. Status 
signals are always asserted beginning in Phase 1 of 
the local bus master's internal clock. 



-ONE PROCESSOR CLOCK CYCLE - 
-ONE BUS T STATE — ; 



PHASE 1 
-OF PROCESSOR 
CLOCK CYCLE 



PHASE 2 
-OF PROCESSOR 
CLOCK CYCLE 



82284 
(FOR REFERENCE) 



v 



Figure 3. CLK Relationship to the Processor Clock and Bus T-States 
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Bus State Definition 

The 82288 bus controller has three bus states (see 
Figure 4): Idle (T,) Status (T s ) and Command (T c ). 
Each bus state is two CLK cycles long. Bus state 
phases correspond to the internal CPU processor 
clock phases. 

The T, bus state occurs when no bus cycle is cur- 
rently active on the iAPX 286 local bus. This state 
may be repeated indefinitely. When controj of the 
local bus is being passed between masters, the 
bus remains in the T, state. 



NEW CYCLE 




READY 
NEW CYCLE 



Figure 4. 82288 Bus States 



Bus Cycle Definition 

The §1 and SO inputs signal the start of a bus cy- 
cle. When either input becomes LOW, a bus cycle 
is started. The T s bus state is defined to be the two 
CLK cycles during which either S1 or SO are active 
(see Figure 5). These inputs are sampled by the 
82288 at every falling edge of CLK. When either Si 
or 50 are sampled LOW, the next CLK cycle is con- 
sidered the second phase of the internal CPU clock 
cycle. 

The local bus enters the T c bus state after the T s 
state. The shortest bus cycle may have one T s state 
and one T c state. Longer bus cycles are formed by 
repeating T c states. A repeated T c bus state is 
called a wait state. 

The READY input determines wheth er the c urrent 
T c bus state is to be repeated. The RLauY input 
has the same timing and effect for all bus cycles. 
READY is sampled at the end of each T c bus state 
to see if it is active. If sampled HIGH, the T c bus 
state is repeated. This is called inserting a wait 
state. The control and command outputs do not 
change during wait states, 

When READY is sampled LOW, the current bus cy- 
cle is terminated. Note that the bus controller may 
enter the T s bus state directly from T c if the status 
lines are sampled active at the next falling edge of 
CLK. 
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Table 2. Command and Control Outputs for Each Type of Bus Cycle 



Typo of 


M/IO 


SI 


so 


Command 

\0 wi ■■■■ mi 


DT/R 


ALE DEN 


MCE 


Bus Cycle 








Activated 


State 


Issued? 


Issued? 


Interrupt Acknowledge 


0 


0 


0 


INTA 


LOW 


YES 


YES 


I/O Read 


0 


0 * 


1 


IORC 


LOW 


YES 


NO 


I/O Write 


0 


1 


0 


IOWC 


HIGH 


YES 


NO 


None; idle 


0 


1 . 


1 


None 


HIGH 


NO 


NO 


Halt/Shutdown 


1 


0 


0 


None * 


HIGH 


NO 


NO 


Memory Read 


1 


0 


1 


MRDC 


LOW 


YES 


NO 


Memory Write 


1 


1 


0 


MWTC 


HIGH 


YES 


NO 


None; idle 


1 


1 


1 


% None 


HIGH 


NO 


NO 



Operating Modes 

Two types of buses are supported by the 82288: 
Multibus and non-Multibus, When the MB input is 
strapped HIGH, Multibus timing is used. In 
Multibus mode, the 82288 delays command and 
data activation to meet IEEE-796 requirements on 
address to command active and write data to com- 
mand active setup timing. Multibus mode requires 
at least one wait state in the bus cycle since the 
command outputs are delayed. The non-Multibus 
mode does not delay any outputs and does not re- 
quire wait states. The MB input affects the timing 
of the command and DEN outputs. 

Command and Control Outputs 

The type of bus cycle performed_by thejocal bus 
master is encoded in the M/IO, S1, and SO inputs. 
Different command and control outputs are ac- 
tivated depending on the type of bus cycle. Table 2 
indicates the cycle decode done by the 82288, and 
the effect on command, DT/R, ALE, DEN, and MCE 
outputs. 



Bus cycles come in three forms: read, write, and 
halt. Read bus cycles include memory read, I/O 
read, and interrupt acknowledge. Th e timing of the 
asso ciate d read command outputs (MRDCJORC, 
and INTA), control outputs (ALE, DEN, DT/R) and 
control inputs (CEN/A^N, CENL, CMDLY, MB, and 
READY) are identical for all read bus cycles. Read 
cycles differ only in which command output is ac- 
tivated. The MCE control output is only asserted 
during interrupt acknowledge cycles. 

Write bus cycles activate different control and 
command outputs with different timing than read 
bus cycles. Memory write and j/p write are write 
bus cy cles whose timing for command outputs 
(MWTC and iOWC), control outputs (ALE, DEN, 
DT/R) and contro l inputs (CEN/AEN, CENL, CMDLY, 
MB, and READY) are identical. They differ only in 
which command output is activated. 

Halt bus cycles are different because no command 
or control output is activated. All control inputs are 
ignored until the next bus cycle is started via S1 
and SO. 
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Figures 6-10 show the basic command and control 
output timing for read and write bus cycles. Halt 
bus cycles are not shown since they activate no 
outputs. The basic idle-read-idle and idle-write-idle 
bus cycles are shown. The signal label CMD 
represents the appropriate command output for 
the bus cycle. For Figures 6-10, the CMDLY input is 
connected to GND and CENL to V cc . The effects of 
CENL and CMDLY are described later in the sec- 
tion on control inputs. 1 

Figures 6, 7 and 8 show non-Multibus cycles. MB is 
connected to GND while CEN is connected to V cc . 
Figure 6 shows a read cycle with no wait states while 
Figure 7 shows a write cycle with one wait state. The 
READY input is shown to illustrate how wait states 
are added. 



DT/R" 




Figure 6. Idle-Read-Idle Bus Cycles with MB = 0 



-WRITE BUS CYCLE H 

rWAIT STATE M 
Tc I 



§1 -SO 



ALE 




DT/R 



w/////////////////////////// ^ ^m^/mm. 




Figure 7. Idle-Write-ldle Bus Cycles with MB = 0 
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Bus cycles can occur back to back^with no T, bus 
states between T c and T s . Back to back cycles do 
not affect the timing of the command and control 
outputs. Command and control outputs always 
reach the states shown for the same clock edge 
(within T s , T c , or following bus state) of a bus cycle. 

A special case in control timing occurs for back to 
back write cycles with MB = 0. In this case, DT/R 
and DEN remain HIGH between the bus eye lessee 
Figure 8). The command and ALE output timing 
does not change. 

Figures 9 a nd 10 show a Multibus cycle with 
MB = 1. AEN and CMDLY are connected to GND. 
The effects of CMDLY and AEN are described later 
in the section on control inputs. Figure 9 shows a 
read cycle with one wait state and Figure 10 shows 
a write cycle with two wait states. The second wait 
state of the write cycle is shown o nly for e xample 
purposes and is not required. The READY input is 
shown to illustrate how wait states are added. 



1ST WRITE CYCLE - 



- 2ND WRITE CYCLE 



I To 



S1 • SO 



READY > 




DEN 



VOH , 

DT/R 



CMD 



Lq /////////////// "' 




Figure 8. Write-Write Bus Cycles with MB = 0 



S1 *so 




\ 











DT/R ' 



CMD 



READY 



w///////////////////////// // m. 




Figure 9. Idte-Read-ldle Bus Cycles with MB = 1 
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T. | T 8 | T c | T c 



T c | T, 



CLK 



51 • SO" 



ALE 



DEN 




VoH- 

DT/R 




w/////ww//////////// /rwm 0 m%y i 



Figure 10. Idle-Write-ldle Bus Cycles with MB = 1 



The MB control input affects the timing of the com- 
mand and DEN outputs. These outputs are 
automatically delayed in Multibus mode to satisfy 
three requirements: 

1) l50 ns minimum setup time for valid address 
before any command output becomes active. 

2) 50 ns minimum setup time for valid write data 
before any write command output becomes ac- 
tive. 

3) 65 ns maximum time from when any read com- 
mand becomes inactive until the slave's read 
data drivers reach 3-state OFF. 

Three signal transitions are delayed by MB = 1 as 
compared to MB = 0: 

1) The HIGH to L OW tra n sition of the read^ com- 
mand outputs (IORC, MRDC, and INTA) are 
delayed one CLK cycle. 

2) The HIGH to L OW tra nsiti on of t he write com- 
mand outputs (IOWC and MWTC) are delayed 
two CLK cycles. 

3) The LOW to HIGH transition of DEN for write 
cycles is delayed one CLK cycle. 



Back to back bus cycles with MB= 1 do not 
change the timing of any of the command or con- 
trol outputs. DEN always becomes inactive be- 
tween bus cycles with MB = 1. 

Except for a halt or shutdown bus cycle, ALE will 
be issued during the second half of T s for any bus 
cycle. ALE becomes inactive at the end of the T s 
to allow latching the address to keep it stable dur- 
ing the entire bus cycle. The address outputs may 
change during Phase 2 of any T c bus state. ALE is 
not affected by any control input. 

Figure 11 shows how MCE is timed during inter- 
rupt acknowledge (INTA) bus cycles. MCE is one 
CLK cycle longer than ALE to hold the cascade 
address from a master 8259A valid after the falling 
edge of ALE. With the exception of the MCE con- 
trol output, an INTA, bus cycle is identical in tim- 
ing to a read bus cycle. MCE is not affected by any 
control input. 



4-91 



210471-003 
AFN-00787A 



int^T 82288 MM/m^E mpmmmm 



T ' 1 


— i _ 

Ts 1 T c 


CLK _J \ 1 




SI • SO ^ 


III 


ALE 




MCE 7 ^\ 



Figure 11. MCE Operation for an INTA Bus Cycle 



Control Inputs 

The control inputs can alter the basic timing of 
command outputs, allow interfacing to multiple 
buses, and share a bus between different 
masters. For many iAPX 286 systems, each CPU 
will have more than one bus which may be used to 
perform a bus cycle. Normally, a CPU will only 
have one bus controller active for each bus cycle. 
Some buses may be shared by more than one CPU 
(i.e. Multibus) requiring only one of them use the 
bus at a time. 

Systems with multiple and shared buses use two 
control inp ut si gnals of the 82288 bus controller, 
CENL and AEN (see Figure 12). CENL enables the 
bus cont roller to control the current bus cycle. 
The AEN input prevents a bus controller from driv- 
ing its command outputs. AEN HIGH means that 
another bus controller may be driving the shared 
bus. 

In Figure 12, two buses are shown: a local bus and 
a Multibus. Only one bus is used for each CPU bus 
cycle. The CENL inputs of the bus controllers 
select which bus controller is to perform the bus 
cycle. An address decoder determines which bus 
to use for each bus cycle. The 82288 connected to 
the shared Multibus must be selected by C ENL 
and be given access to the Multibus by AEN 
before it will begin a Multibus operation. 



CENL must be sampled HIGH at the end of the T s 
bus state (see waveforms) to enable the bus con- 
troller to activate its command and control out- 
puts. If sampled LOW the commands and DEN 
will not go active and DT/R will remain HIGH. The 
bus co ntroller will ignore the CMDLY, CEN, and 
READY inputs until another bus cycle is started 
via S1 and 55. Since an address decoder is com- 
monly used to identify which bus is required for 
each bus cycle, CENL is latched to avoid the need 
for latching its input. 

The CENL input can affect the DEN control out- 
put. When MB = 0, DEN normally becomes active 
during Phase 2 of T s in write bus cycles. This tran- 
sition occurs before CENL is sampled. If CENL is 
sampled LOW, the DEN output will be forced LOW 
during T c as shown in the timing waveforms. 

When MB = 1, CEN/AEN becomes AEN. AEN con- 
trols when the bus control ler c ommand outputs 
enter and exit 3-state OFF. AEN is intended to be 
driven by a bus arbiter, like the 82289, which 
assures only one bus contro ller is driving the 
shared bus at any time. When AEN makes a LOW 
to HIGH transition, the command outputs in> 
mediately enter 3-state OFF and DEN is forced in- 
active. An inactive DEN should force the local 
data transceivers connected to the shared data 
bus into 3-state OF F (se e Figure 12). The LOW to 
HIGH transition of AEN should only occur during 
T, or T s bus states. 

The HIGH to LOW transition of AEN signals that 
the bus controller may now drive the shared bus 
command signals. Since a bus cycle m ay b e ac- 
tive or be in the process of start ing, AEN can 
become active during any T-state. AEN LOW im- 
mediately allows DEN to go to the appropriate 
state. Three CLK edges later, the command out- 
puts will go active (see timing waveforms). The 
Multibus requires this delay for the address and 
data to be valid on the bus before the commands 
become active. 

When MB = 0, CEN/AEN becomes CEN. CEN is an 
asynchronous input which immediately affects 
the command and DEN outputs. When CEN 
makes a HIGH to LOW transition, the commands 
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and DEN are immediately forced inactive. When 
CEN makes a LOW to HJGH transition, the com- 
mands and DEN outputs immediately g o to the 
appropriate state (see timing waveforms). READY 
must still become active to terminate a bus cycle 
if CEN remains LOW for a selected bus controller 
(CEN L was latched HIGH). 



Some memory or I/O systems may require more 
address or write data setup time to command ac- 
tive than provided by the basic command output 
timing. To prpvide flexible command timing, the 
CMDLY input can delay the activation of com- 
mand outputs. The CMDLY input must be 
sampled LOW to activate the command outputs. 
CMDLY does not affect the control outputs ALE, 
MCE, DEN, and DT/R. 



Hah 



X1 X2 
SRDY ARDY 
82284 



ARDYEN 



SRDYEN 
CLK READY S1.S0 



_M/IO /*- 

si,so V 



CENL 
MB CEN 



T r 



91 on ±5% 

I Wr O 



A 



ADDRESS 
DECODER 



\ NU 
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M/IO 

si • so 



DT/R 
ALE 



CENL 

MB AEN 
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READY AEN 
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S1,S0 
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SO 20KO 
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S1 
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Figure 12. System Use of AEN and CENL 
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CMDLY is first sampled on the falling edge of the 
CLK ending T s . If sampled HIGH, the command 
output is not activated, and CMDLY is again 
sampled on the next falling edge of CLK. Once 
sampled LOW, the proper command output 
becomes active immediately if MB = 0. If MB = 1, 
the proper command goes active no earlier than 
shown in Figures 9 and 10. 

READY can terminate a bus cycle before CMDLY 
allows a command to be issued. In this case no 
commands are issued and the bus controller will 
deactivate DEN and DT/R in the same manner as if 
a command had been issued. 

Waveforms Discussion 

The waveforms show the timing relationships of in- 
puts and outputs and do not show all possible tran- 
sitions of all signals in all modes. Instead, all 
signal timing relationships are shown via the 
general cases. Special cases are shown when 
needed. The waveforms provide some functional 
descriptions of the 82288; however, most func- 
tional descriptions are provided in Figures 5 
through 11. 



To find the timing specification for a signal transi- 
tion in a particular mode, first look for a special 
case in the waveforms. If no special case applies, 
then use a timing specification for the same or 
related function in another mode. 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70 °C 

Storage Temperature -65°Cto +150°C 

Voltage on Any Pin with 

Respect toGND. . . ' -0.5V to +7V 

Power Dissipation 1 Watt 

* NOTICE: Stresses above those listed under "Ab- 
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these or 
any other conditions above those indicated in the 
operational sections of this specification is not im- 
plied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 5V, ±10%) 







6 MHz 


8 MHz 






Symbol 


Parameter 


-6 
Min. 


-6 
Max. 


Min. 


Max. 


Units 


Test Conditions 


V,L 


Input LOW Voltage 


-.5 


.8 


-.5 


.8 


V 




V,H 


Input HIGH Voltage ; 


2.0 


V cc + -5 


2.0 


V cc + -5 


V 




V|LC 


CLK Input LOW Voltage 


-.5 


.6 


-5 


.6 


V 




V IHC 


CLK Input HIGH Voltage 


3.8 


V cc +.5 


3.8 


V cc +.5 


V 




Vol 


Output LOW Voltage 
Command Outputs 
Control Outputs 




.45 
.45 




.45 
.45 


V 
V 


l 0L = 32mA Note 1 
l 0L = 16mA Note 2 


Vqh 


Output HIGH Voltage 
Command Outputs 
Control Outputs 


2.4 
2.4 




2.4 
24 




V 
V 


l 0H = -5mA Note 1 
l 0H = - 1 mA Note 2 


If 


Input Current (SO and SI inputs) 




- 5 




- 5 


rftA 


Vf = .45V 


Iil 


Input Leakage current (all 
other inputs) 




±10 




±10 


^ 


OV < VI IN < V cc 


Ilo 


Output Leakage Current 




±10 




±10 


M A 


.45V<V OUT ^Vcc 


•cc 


Power Supply Current 




100 




100 


mA 




CcLK 


CLK Input Capacitance 




12 




12 


PF 


F c = 1 MHz 


c, 


Input Capacitance 




10 




10 


PF 


F c = 1 MHz 


Co 


Input/Output Capacitance 




20 




20 


PF 


F c = 1 MHz 



NOTE: 1 . Command Outputs are INTA, IORC, IOWC, MRDC MWRC 
2. Control Outputs are DT/R, DEN, ALE and MCE. 
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A.C. CHARACTERISTICS 

(T A - 0°C to 70°C, Vcc - 5V, ±10%) 

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in data sheet waveforms, unless otherwise noted. 







6 MHz 


8 MHz 






Sym 


Parameter 


-6 
Min. 


-6 
Max. 


Min. 


Max. 


Unit 


/ 

Test Condition 


1 


CLK Period 


83 


250 


62 


250 


ns 




2 


CLK HIGH Time 


25 


235 


20 


235 


ns 


at 3.8V 


3 


CLK LOW Time 


20 


225 


15 


230 


ns 


at 0.6V 


4 


CLK Rise Time 




10 




10 


ns 


1.0V to 3.5V 


5 


CLK Fall Time 




10 




10 


ns 


3.5V to 1.0V 


6 


M/IO and Status Setup Time 


28 




22 5 




ns 




7 


M/IO and Status Hold Time 


0 




0 




ns 




8 


CENL Setup Time 


30 




20 




ns 




9 


CENL Hold Time 


0 




0 




ns 




10 


READY Setup Time 


50 




38.5 




ns 




11 


READY Hold Time 


35 




25 




ns 




12 


CMDLY Setup Time 


25 




20 




ns 




13 


CMDLY Hold Time 


0 




0 




ns 




14 


AEN Setup Time 


30 




25 




ns 


Note 3 


15 


AEN Hold Time 


0 




0 




ns 


Note 3 


16 


ALE, MCE Active Delay from CLK 


3 


25 


3 


15 


ns 


Note 4 


17 


ALE, MCE Inactive Delay from CLK 




35 




20 


ns 


Note 4 


18 


DEN (Write) Inactive from CENL 




35 




35 


ns 


Note 4 


19 


DT/R LOW from CLK 




40 




20 


ns 


Note 4 


20 


DEN (Read) Active from DT/R 


10 


50 


10 


40 


ns 


Note 4 


21 


DEN (Read) Inactive Dly from CLK 


3 


40 


3 


35 


ns 


Note 4 


22 


, DT/R HIGH from DEN Inactive 


5 


45 


10 


40 


ns 


Note 4 


23 


DEN (Write) Active Delay from CLK 




35 




30 


ns 


Note 4 


24 


DEN (Write) Inactive Dly from CLK 


3 


35 


3 


30 


ns 


Note 4 


25 


DEN Inactive from CEN 




40 




25 


ns 


Note 4 


26 


DEN Active from CEN 




35 




25 


ns 


Note 4 


27 


DT/R HIGH from CLK 
(when CEN = LOW) 




50 




50 


ns 


Note 4 


28 


DEN Active from AEN 




35 




30 


ns 


' Note 4 


29 


CMD Active Delay from CLK 


3 


40 


3 


20 


ns 


Note 5 


30 


CMD Inactive Delay from CLK 


3 


30 


3 


20 


ns 


Note 5 


31 


CMD Inactive from CEN 




35 




25 


ns 


Note 5 


32 


CMD Active from CEN 




45 




25 


ns 


Note 5 


33 


CMD Inactive Enable from AEN 




40 




40 


ns 


Note 5 


34 


CMD Float Delay from AEN 




40 




40 


ns 


Note 6 



NOTE: 3. AEN and MB are asynchronous inputs. This specification is for testing purposes only, to assure recognition at a specific CLK edge. 

4. Control output load: CI = 150pF. 

5. Command output load: CI = 300pF. 

6. Float condition occurs when output current is less then l L0 ' n magnitude 
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WAVEFORMS 




STATUS, ALE, MCE, CHARACTERISTICS 



CLK 



M/iO,S1,SO 



. T s . 



MCE 



7 



-c — 



CENL, CMDLY, DEN CHARACTERISTICS WITH MB = 0 AND CEN = 1 DURING WRITE CYCLE 



y 



CENL 



iiii ® 



' 7///////////////M 



1_ 
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WAVEFORMS (Continued) 



READ CYCLE CHARACTERISTICS WITH MB = 0 AND CEN = 1 



_=H© 

CMDLY^ r 




WRITE CYCLE CHARACTERISTICS WITH MB = 0 AND CEN = t 




S1 • so 



\ 



Vqh- 

DT/R 



READY v 



CENL 



'/////////////////////A 



f 



f 



© 



©I— 



> mm////////////// /////m 



© 



©k 
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WAVEFORMS (Continued) 



CEN CHARACTERISTICS WITH MB = 0 



— T c - 



CMD 



DT/R 



READY 




V//////////////////////////////. 




NOTE 1: AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response shown in the waveforms. 
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iAPX 43201/iAPX 43202 
FAULT TOLERANT GENERAL DATA PROCESSOR 



Range of Performance 
—Adding Processors Increases 
Performance 

— No Software Changes Required 

Large Address Space: 

— 16 Megabytes Physical Memory 

— 1 Terabyte Virtual Memory 

Capability-Based Addressing for 
Maximum Dependability 

— Most Software Faults Trapped 
Before Damage Occurs 

— Debugging Time Reduced 

— Leads to Highly-Reliable, Robust 
Systems 



Memory Management Support On-Chip 

Symmetrical Instruction Set for all 8-, 
16-, and 32-bit Data Types 

IEEE Standard 32-, 64-, and 80-Bit 
Floating-Point Operations 

Master/Checker Pairs Detect Hardware 
Errors Automatically 

Quad Modular Redundancy Ensures 
Immediate Recovery From Hardware 
Faults 



The iAPX 432 Micromainframe is a 32-bit multiprocessor specifically designed for those critical applications 
which demand absolute software reliability or hardware fault tolerance. At the heart of the system is the iAPX 
432 General Data Processor (GDP) consisting of two VLSI components, the iAPX 43201 and iAPX 43202. 
Together with the other members of the iAPX 432 component family (i.e., the 43203 Interface Processor, the 
43204 Bus Interface Unit, and the 43205 Memory Control Unit) the GDP can be used to build a fault-tolerant 
computer system that sustain any single-point failure and yet continue to operate correctly, without interrup- 
tion. 

Intel 432 systems offer a range of performance: by adding or removing GDPs, the throughput of a 432-based 
product can be increased to support more users or reduced to save hardware cost with no change to software. 
Thus, a family of end products with differing levels of performance can be developed from identical hardware 
modules using the same software. 

The iAPX 43201 and iAPX 43202 are fabricated with Intel's highly reliable +5-Volt, depletion load, N-channel, 
silicon gate HMOS technology and each is housed in a 66-pin JEDEC Type A package. See Figures 1 and 2. 
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171873-1 

Figure 1. 43201 Pin Assignment, Instruction 
Decoder/Microinstruction Sequencer 



NOTE: N.C. pfids must not bo connsctod. 



Figure 2. 



171073-2 

43202 Pin Assignment, Execution Unit 



Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. November 1983 

© Intel Corporation, 1 983. R , Order Number: 171873-002 




iAPX 43201/iAPX 43202 



Table 1 summarizes all signal groups, signal names and their active states, and whether or not they are 
monitored by the Hardware Error Detection circuitry. 

' ' Table 1. Pin Description 



Symbol Type 


Name and Function 


Processor Packet Bus Group 


ACD 15 
ACD 0 


I/O 


Address/Control/Data Lines: These 16 bidirectional 
signals carry physical memory addresses, control information 
(access length and type), and data to and from the memory bus. 

When the GDP is in checker mode, the ACD pins are monitored toy 
the hardware error detection logic and are in the high impedance 
state. 


PRQ 


0 


Processor Packet Bus Request: is issued to gain access to the 
bus. Normally low, the PRQ pin is brought high during the same 
cycle as when the first double-byte of address information appears 
on the ACD pins. PRQ remains high for only one cycle during the 
access, unless an address development fault occurs. In that case, 
the GDP leaves PRQ high for a second cycle to indicate it has 
detected an addressing or segments rights fault in completing the 
address generation. 

PRQ is checked by the hardware detection logic and remains in a 
high impedance mode when the GDP is in checker mode. 


ICS 


I 


interconnect Status: carries information on errors, data 
synchronization, and interprocessor communication. The 
interpretation of this signal depends on the current cycle of the bus 
transaction. See page 39 for a complete description. 


B OUT 


0 


Enable Buffers for Output: controls the direction of external 
buffers, if any are used. When Bout is asserted, it indicates that the 
buffers must be directed to carry information outbound from the 
GDP. 


System Group 


v C c 


I 


Power: These four pins supply 5-volt power to the GDP, and all 
must be connected; the pins are not connected together within the 
GDP. 


v S s 


I 


Ground: These five pins provide the ground reference for the GDP, 
and all must be connected; the pins are not connected together 
within the GDP. 


ALARM 


I 


Alarm: monitors the condition of an unusual, system-wide condition 
such as power failure. Alarm is sampled on the rising edge of CLKa- 


FATAL 


0 


Fatal: is asserted by the GDP under microcode control when the 
GDP is unable to continue due to various error or fault conditions. 
Once FATAL is asserted, it can only be reset by the assertion of 
INIT. 


PCLK 


I 


Processor Clock: The assertion of PCLK for one cycle causes the 
system timer within the GDP to decrement. Assertion of PCLK for 
two or more cycles causes the system timer to be reset. PCLK must 
remain unasserted for at least 10 clock cycles before being 
asserted again. The GDP samples PCLK on the rising edge of 
CLK A . 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


System Group (Continued) 


CLR 


I 


Clear: Assertion of CLR results in a microprogram trap causing the 
GDP to immediately terminate any bus transactions or internal 
operations in progress. The GDP resets to a known state, asserts 
FATAL, and awaits an IPC for initialization. The IPC is not serviced 
for at least four clock cycles following the assertion of CLR. 

Response to CLR is disabled by the first CLR assertion and is 
reenabled when the GDP receives the first IPC (or INIT assertion). 

The GDP samples CLR on the rising edge of CLKa- 


TRTT 


I 


Initialize: Assertion of INIT resets the internal state of the GDP and 
starts execution of the initialization microcode. INIT must be 
asserted for a minimum of 1 0 clock cycles. After the INIT pin returns 
to its nonasserted state, the GDP initializes all of its internal 

ronictorc onri iA/inH/tu/c anrl iA#aitc tt\r a Xtsr^oX IPfi INIT ic csimnloH nn 
loyidiois diiu wiiiuvJWd, diiu waiio iui d luisdi iru. iini i io odiiipiou uii 

the rising edge of CLKa- 


MASTER 


I 


Master: This signal determines whether the 43202 is to function as 
a master or a checker. In master mode, the 43202 functions 
normally and drives all of its outputs. In checker mode, ACD-j 5 - 
ACDo and PRQ enter a high impedance state and Bout is 

umoui luiiiui ictiiy iuw. r\ Hocyjc, wiiouiui iiidoioi ui \*i ioi*ivt?i , muiiiiuio 

the ACD-15-ACD0 and PRQ lines and compares the data on them to 
its internally generated result, signaling disagreement on the HERR 
line. For normal operation, MASTER should be left unconnected or 
tied high. 


HERR 

> 


0 


Hardware Error: This signal is asserted by the GDP to indicate 
disagreement between data appearing on the ACDi 5 -ACDq and 
PRQ pins and the internally generated result of the GDP. HERR is 
valid during CLKa and can normally be asserted by a GDP and 
every clock cycle, except immediately following CLR. HERR 
\ requires an external 2.2 kft nominal pullup resistor. 


CLK A 


I 


Clock A: is a square-wave clock which must operate continuously 
to preserve the operating state of the GDP. 


CLK B 


I 


Clock B: is a square-wave clock which operates at the same 
frequency as CLKa, but lags it by 90 degrees. CLKb must operate 
contingously to preserve the operating state of the GDP. 


intra-GDP Group 


IS 6 -IS 0 


N/A 


Interchip Status Lines: carry microprogram information from the 
43202 back to the 43201 . The lines are not checked by the 
hardware detection logic. 




N/A 


Microinstruction Bus Lines: carry microinstructions from the 
43201 to the 43202. They are not checked by hardware detection 
logic. 


RDROM 


I 


Read ROM: This signal is used to read the microprogram from the 
43201 ROM. If RDROM is held low when INIT goes high, the 43201 
enters a diagnostic mode, and the microinstruction sequencer steps 
through the microprogram ROM, sequentially displaying (but not 
executing) the microinstructions on the jmhs-jmlo lines. While 
RDROM is useful for testing, it should be tied to Vqc for normal 
operation. 
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FUNCTIONAL DESCRIPTION 



Introduction 

The iAPX 432 Micromainframe is a 32-bit multiproc- 
essor especially designed for those critical applica- 
tions which demand absolute software reliability or 
hardware fault tolerance. By developing the 432, In- 
tel has broken with three decades of tradition that 
have defined how computers operate and redrawn 
the line separating functions of hardware and soft- 
ware. Many operations that 432 processors perform 
automatically would be done by the operating sys- 
tem in conventional machines. The development of 
the 432 was driven by two major objectives: to re- 
duce the cost of software over the life cycle of the 
product, and to develop a computer with unprece- 
dented reliability. From any perspective, the 432 is 
an uncommon machine. 

Similar to many mainframe computers, processing in 
the 432 is divided between a central system, which 
handles data processing, and one or more peripher- 
al subsystems, which transfer data to and from I/O 
devices. There are two types of processors, General 
Data Processors (QDPs) and Interface Processors 
(IPs), and two types of support components, Bus In- 
terface Units (BlUs) and Memory Control Units 
(MCUs). Together, these VLSI components can be 
used to build a fault-tolerant computer system that is 
able to sustain any single-point failure of a compo- 
nent or bus, and yet continue to operate correctly, 
without program interruption and without software in- 
tervention. 

This concern for reliability in the 432's design is not 
limited to automatic recovery from hardware faults, 
but extends to software as well. The 432 processors 
can detect hundreds of different software fault con- 
ditions from an attempt to divide by zero or execute 
data, to complex faults involving several indepen- 
dent processes. While most computers do not de- 
tect these faults at all, the 432 is able to trap and 
identify most faults before serious damage can oc- 
cur. As a consequence, 432-based systems are eas- 
ier to debug, and systems shipped to end-users will 
prove substantially more reliable. 

Another important advantage of the 432 is the ability 
to tailor the throughput of the system to meet the 
price/performance requirements of each application 
or end-user. A family of products, for example, can 
be developed using the same hardware modules, 
simply adding or removing boards as the application 
requires. The end-user, for example, could buy an 
entry-level system with only two processors. The 
system would run more slowly than the high-end 
system, but it would also cost much less. Later, 



when the user's needs grew, additional General 
, Data Processors could be installed to handle the 
heavier load on the system. No need to change soft- 
ware; all the programs that the user had developed 
would still be compatible. In fact, if at any time, one 
of the processors failed, the user could remove it, 
and the remaining processors in the system would 
continue to execute programs correctly while a re- 
placement was sought. 

This unprecedented flexibility is possible only be- 
cause the 432 takes a unique approach to architec- 
ture, one closely tied to the structure of programs. 
The processors are no longer passive entities, re- 
sponding only to software, but they can execute 
many functions automatically to keep the system 
working efficiently and reliably. 



ARCHITECTURE 

This section describes the architecture of the iAPX 
432; that is, the machine-level programmer's view of 
the computer. As a rule, only compiler writers actual- 
ly deal with the 432 at this level; however, many ap- 
plication programmers— who typically code in Ada- 
will find this discussion valuable for getting a "feel" 
for the operation of the underlying machine. Bear in 
mind that this discussion does not cover all pro- 
gramming facilities and some of the concepts have 
been simplified for the sake of clarity and space; a 
complete description of the architecture can be 
found in the iAPX 432 General Data Processor Ar- 
chitecture Reference Manual. 

Since the 432 is a multiprocessor system, with spe- 
cialized types of processors optimized for different 
kinds of work, the architecture of the GDP is differ- 
ent from the Interface Processor. At the same time, 
these diverse processors (and their associated soft- 
ware) must cooperate with each other to accomplish 
the overall task of the system. Therefore, the de- 
signs of the GDP and IP share an architectural foun- 
dation, the 432 common base architecture. The 
overall arrangement is illustrated in Figure 3. 



Common Base Architecture 

The common base architecture of the 432 is the 
glue that binds multiple processors, of the same and 
different types, together in a coherent system. 
Therefore, the common base architecture defines 
"global" facilities used by all processors, software, 
and support components (i.e., iAPX 43204 Bus Inter- 
face Unit and iAPX 43205 Memory Control Unit). 
These facilities include addressing, protection, ob- 
ject management, communication, timekeeping, and 
exception processing. 
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Objects 

Memory protection systems can be considered in 
terms of boxes into which information can be locked 
and keys which can open the boxes. The432's box- 
es and keys correspond to the logical units found in 
many high-level programming languages (e.g., Ada, 
Pascal); in other words, programming units and pro- 
tection units match. Boxes are variable in size, each 
box containing one object; the object may be an 
array, a record, a list element, the text of a proce- 



dure—in fact, any logical entity which should be 
uniquely identified and protected. 

Keys in the 432 are called access descriptors and 
are manifested in high level languages as pointers 
(instances of access variables in Ada). Whenever 
storage for a new object is allocated, whether by the 
linker or program statements, the processor auto- 
matically boxes the object (in its own segment), 
manufactures a unique key (access descriptor), and 
returns the key to the creating procedure. A brief 
introduction to objects can be found in Table 2. 




MEMORY 
MODULE 



OOP 




OOP 




IP 



-S! - r™i t™i 



Figure 3. A typical 432 system with two memory buses, two General Data 
and a single peripheral subsystem for I/O 

Table 2. Introducing Objects 



1 . All information in an IAPX 432 system is contained in objects. 

Even the instruction pointer, status flags, and other information used by the GDP are contained 
in objects. 

2. Each object can have two parts, a data part and an access part 

The data part can contain any information except accesses. Data in the data part can be added, 
assigned, manipulated as bit fields, or used for any purpose other than accessing an object. The 
access part can contain only access descriptors (ADs). ADs are used for referencing objects 
and can only be modified in carefully controlled ways. ^ 

3. Objects can be created with different lengths. 

An object can have from 0 to 65,536 bytes in its data part, and from 0 to 16,384 ADs in its access 
part. Any reference to an object is automatically checked to ensure that it falls within the bounds 
of the object. 
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Table 2. Introducing Objects (Continued) 



4. Each object has a fixed type. 

The type of an object is determined when the object is created. Ah object's type can be used to 
define the operations allowed on the object. Software can define new object types at run-time. 

5. Objects pan be local to a program or subprogram call. 

Each object is created at a particular level that specifies whether the object is global or limited in 
scope to a particular program or subprogram activation. 

6. Objects can only be read or written via access descriptors. 

To access data in an object, you must specify an AD that references the object and also specify 
the offset within the object's data part to the field accessed. 

7. A procedure call can only access those objects it has ADs for. 

Each activation of a program or procedure is itself represented by a context object. The 
instructions executed by the context can only access those objects for which the context has 
ADs or can obtain ADs. 

8. Access descriptors can provide restricted access to objects. 

Each AD specifies several rights bits, including read rights and write rights. To read from an 
object requires read rights set on the AD used; to write to an object requires write rights on the 
AD used. Different module activations can have ADs for the same object, but with different rights. 



Storage 

Address Spaces There are several distinct address 
spaces in a iAPX 432 system. Each peripheral sub- 
system, for example, has a local memory space, and 
typically, a local I/O space. A portion of each periph- 
eral subsystem memory space is mapped by an In- 
terface Processor into the central system. Proces- 
sors (and DMA controllers) in a peripheral subsys- 
tem can gain access to central system data by read- 
ing and writing these local mapped address spaces. 

The central system is divided into two 1 6-Megabyte 
physical address spaces, the memory space and 
the interconnect space. For the most part, the in- 
terconnect space consists of hardware registers 
used by the Bus Interface and Memory Control Units 
to maintain fault-tolerant systems. The MCU, for ex- 
ample, logs the number of memory errors it has de- 
tected and corrected in a register that processors 
are able to read by addressing the interconnect 
space. 

GDPs use the instruction MOVE FROM INTERCON- 
NECT SPACE to read these registers and MOVE TO 
INTERCONNECT SPACE to write to them. Peripher- 
al subsystem software can gain access to the inter- 
connect space through Window 1 . 'All other 432 in- 
structions and commands reference the memory 
space. 



Logical addressing To operate on a data item, a 
GDP instruction (or IP command) presents a logical 
address as shown in Figure 4. For a GDP, a data 
item is an integer, character, or real number. In the 
case of an IP data transfer, such data items are sim- 
ply bytes or double bytes. The logical address of a 
data item consists of an access descriptor and a 
displacement (offset) into that object. The several 
ways of specifying these components, particularly 
the displacement, give rise to the GDP's addressing 
modes, which are described in a later section. 

Physical Translation GDPs translate logical ad- 
dresses into 24-bit physical address; programs have 
no way to generate physical addresses directly. As 
shown in Figure 5, the essence of the translation is 
finding the physical base address of the target ob- 
ject and adding the displacement component to it. 

As you'll recall, associated with each 432 procedure 
(or function) is an object reference list (set of keys) 
called access descriptors; this array of access de- 
scriptors defines the objects that are currently ad- 
dressable by the procedure. The access descriptor 
in turn selects an entry in an object table. This entry, 
called an object descriptor, contains the base ad- 
dress of the target object. 
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LOGICAL ADDRESS 



OPERAND 


ACCESS 


OFFSET 


DESCRIPTOR 



OBJECT 
ADDRESSING 




Figure 4. Simplified View of Logical Addressing 



The focal point of the translation procedure is the 
object table. (Naturally, only the operating system's 
memory manager has a reference to the object table 
itself.) Every object in a system is represented by a 
single object descriptor, which contains its base ad- 
dress and other descriptive information. Conversely, 
there may be many access descriptors for a single 
object scattered among the access descriptor lists 
of all programs that have access to that object. Mov- 
ing an object (to compact physical memory, for ex- 
ample), only requires updating its object descriptor, 
regardless of how many programs hold references 
to it. 

Note that to improve performance, 432 processors 
automatically maintain two groups of physical ad- 
dresses on chip. The addresses of frequently used 
system objects, such as the object table, are always 
immediately available. In addition, the processors 
cache exploits the tendency of most programs to 
cluster their references to a few objects at a time. 



Virtual Memory Support Three fields in object de- 
scriptors aid a 432 executive's virtual memory man- 
ager. The allocated bit indicates whether real mem- 
ory is associated with the object. When the virtual 
memory manager swaps an object out to external 
storage, it clears this bit first. The hardware checks 
the allocated bit during address translation; if it is 
clear, the hardware faults, and control passes to the 
memory manager. The memory manager can then 
swap the object back into physical memory, set the 
allocated bit, and return control to the instruction 
that faulted. 

The accessed bit is set by the hardware when an 
object is referenced by an instruction. By periodically 
checking and clearing this bit in all object descrip- 
tors, the virtual memory manager can gain insight 
into the frequency with which each object is being 1 
used. This information can then be used to select 
objects to be swapped out, for example, on a least- 
recently-used basis. 
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The altered bit is set by hardware when an object is 
updated. If a virtual memory manager decides to 
swap an object that has not been altered, and it 
knows that a copy already exists in external storage, 
it can save time by discarding the memory-resident 
copy without swapping it. Both the accessed and 
altered bits are also cached on-chip to keep object 
table references to a minimum. 



Protection and Access Control The services pro- 
vided by modern operating systems typically take 
the form of procedures that can be called by user 
processes. Since most computers do not provide 
procedure-lever protection as a matter of course, a 
special arrangement is necessary "to protect operat- 
ing system procedures from their callers (an OS pro- 
cedure runs in the same process as its caller). 



MEMORY REFERENCE 



ACCESS 
SELECTOR 



PROGRAM'S ACCESS 
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Figure 5. Two-Level Address Mapping 
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The usual approach is to confer privilege upon OS 
procedures while denying it to user processes. In 
effect, privilege is a second lock that operating sys- 
tem procedures can apply to boxes containing their 
information. If a computer has one privilege level 
(e.g., privileged supervisor, unprivileged user) then 
one key opens any privilege lock. A 4-level privilege 
scheme (e.g. kernel, executive, supervisor, user) 
provides more locks, one for each level. Each privi- 
leged key, however, not only opens all locks of the 
same level, but is effectively a master key for all 
lower privilege levels. 

Privilege thus provides an asymmetric form of pro- 
tection: information stored at a given level is protect- 
ed from lower-level procedures only, not from proce- 
dures at the same or higher levels; in fact a proce- 
dure at the lowest level runs on an unprotected ma- 
chine. 

The 432's protection system, in contrast, is symmet- 
ric: every procedure— part of the operating system 
or not— is equally protected from every other be- 
cause every procedure has access only to those ob- 
jects it absolutely needs. The 432's run-time protec- 
tion system is based on limiting the distribution of 
information and controlling the manner in which ac- 
cessible information is referenced. Each object is 
protected as a unit, and each executing procedure 
has a unique access environment that specifies ex- 
actly which objects it may use, and in what manner it 
may use them. At the same time, the system is flex- 
ible enough to permit straightforward sharing of in- 
formation between cooperating processes. 

Limited Access Environments At any given point 
in time, a procedure's access list constitutes its cur- 
rent access environment. Since addresses can only 
be constructed from the access descriptors on this 
list, it is impossible for a procedure to gain access to 
any object for which it does not hold an access de- 
scriptor. r 

A procedure creates an initial access environment 
(called a context) for a procedure as part of its exe- 
cution of the CALL instruction that invokes the pro- 
cedure. (Actually, the entire context is not created 
each time a procedure is called, rather, to increase 
performance, each process is given a set of inactive 
contexts after compilation. When a procedure is 
called the context is "filled in" with the parameters 
for that activation.) This initial environment includes 
references for all objects that could be ascertained 
at compile-time: objects containing constants and 
statically allocated variables, and any procedures 
called by this procedure. In addition, the processor 
creates a reference to any parameters passed by 
the caller, to free storage from which new objects 
may be allocated, and to an operand stack for use in 
evaluating expressions in this activation. 



As the procedure executes, it may modify its own 
access environment. For example, it may create a 
new object, it may receive an object reference from 
another process, or it may delete an object refer- 
ence that is no longer needed. Notice that while the 
procedure may create new data at will, the only way 
for it to obtain access to data outside its initial envi- 
ronment is through the explicit cooperation of anoth- 
er process (i.e., through the interprocess communi- 
cation facility called ports). 

By entering a new context for each procedure acti- 
vation, the 432 provides inherent support for reen- 
trant and recursive programming. The complete 
change in access environments caused by the pro- 
cedure invocation ensures that the called procedure 
inherits no part of its caller's environment, except for 
the parameters that have been passed to it. When 
the called procedure returns, the processor switches 
back to the caller's environment. 

Integral Sharing Sharing is the other side of protec- 
tion. To be able to share pieces of memory among 
processes in a controlled way is an important capa- 
bility for a computer. Popular procedures and pro- 
grams (especially editors and compilers) are often 
executed by many processes simultaneously; shar- 
ing a single copy of the code among all processes 
not only saves memory, but reduces virtual memory 
I/O traffic and disk space requirements. 

The ability to share data is as important as sharing 
instructions; some applications, especially control- 
oriented ones, are most easily implemented as mul- 
tiple processes sharing key data structures. The al- 
ternatives to memory sharing (maintaining separate 
copies for each process or sharing a file instead of 
memory) are often too wasteful, too complicated, or 
too slow to be practical in applications where the 
processes must have fast access to up-to-date infor- 
mation. 

Unfortunately, most computer addressing schemes 
favor either protection or sharing. To protect proc- 
esses from each other, many computers map them 
into separate address spaces; sharing an item then 
requires construction of a bridge between the two 
address spaces, which— when done at all— provides 
an awkward and incomplete facility. Other comput- 
ers run processes in the same address space, en- 
abling sharing but sacrificing protection (i.e., proc- 
esses share everything). 

The 432 has a single address space; every object in 
this space is potentially sharable by every process in 
the system. Protection is obtained by restricting the 
object each procedure can address to the subset it 
"needs to know" to perform its function; at any time 
the subset is defined by the procedures list of ac- 
cess descriptors. 
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An object is shared if procedures in more than one 
process has references for it (conversely, an object 
is private if there is only a single reference for it). 
The references can be provided by the compiler or 
can be obtained at run-time. (Note that interprocess 
sharing is a requirement of Ada and other languages 
that support concurrent programming.) 

Typing Given that a procedure has access to an 
object (has a reference for it), the protection system 
insures the basic integrity of that object. That is, in- 
struction references to the object are checked to 
make certain that they make sense for that object. 
By typing each object, the 432 hardware can posi- 
tively determine what an object is; this, in turn, im- 
plies which operations (i.e., instructions) are valid for 
the object and which are not. In order to maintain 
good performance, however, the individual data 
items (e.g., characters, integers, etc.) within an ob- 
ject are typed and typed-checked at compile-time, 
not run-time. 

Types of Objects There are five classes of objects 
that are used in a 432 system: 

• System objects 

• Generic objects 

• Dynamic-type objects 

• Refinements of any of these objects 

• Interconnect objects 

System objects have specific uses and formats 
recognized by 432 processors, and serve as the 
backbone of the architecture and the operating sys- 
tem. The 432 provides a very high-level of support 
for operating system functions because the proces- 
sors are able to recognize and manipulate system 
objects. Processors operate on system objects in 
two ways: by executing high-level instructions on be- 
half of the operating system, and by executing cer- 
tain functions on their own initiative, without soft- 
ware intervention. 

The structure of a high-level program is reflected in 
the type and fuiiction of system objects. An Ada 
package, for example, is represented within the 432 
as a domain object. The domain object contains a 
list of procedures, functions, and data associated 
with the single package; and like a package, is divid- 
ed into private and public parts. Procedures in the 
public part of a domain correspond to procedures 
which are declared in the specification part of a 
package, and which are accessible to outside users. 
The private part of the domain, in contrast, corre- 
sponds to those data structures, functions, and pro- 
cedures within the implementation section (body). 
No outside user can operate oh, or directly call, 
these structures. 



Instruction and data objects are good examples of 
the protection that an object-based architecture pro- 
vides. Instructions contained in an instruction object 
cannot be manipulated as data, and likewise, the 
entries in a data object cannot be fetched by a proc- 
essor for execution. Further, both the instruction and 
data objects are hidden from users in the sense that 
access to them is provided only through a procedure 
call. 

The type managers for system objects are combina- 
tions of hardware and operating system software, so 
application programmers have no need to under- 
stand the internal organizations (representations) of 
these objects. A few of them, however, are corner- 
stones of the 432 architecture and it is worthwhile to 
examine them from a functional point of view. In- 
struction objects, from which processors fetch a 
procedure's machine instructions, have already 
been mentioned. Later in this section storage re- 
source and port objects will be discussed. 

Processor and process objects are used, natural- 
ly, to manage processors and processes. There is 
one processor object for each GDP and IP in the 
system. At initialization time, each processor obtains 
a reference for its own processor object, which it 
holds on-chip indefinitely. There is also one process 
object for each process (task) in the system. A proc- 
essor object contains an access descriptor for a 
process object. Dispatching a new process to run on 
a processor amounts to changing this access de- 
scriptor. The entire set of system objects is de- 
scribed briefly in Table 3 and illustrated in Figure 6. 

Generic objects An object whose type is generic is 
one that has no special significance to the hardware; 
its system type is effectively "none." Creating gener- 
ic objects is faster than creating other types of ob- 
jects and requires no special privilege. In languages 
such as Ada or Pascal, executing a NEW operation 
creates a record referenced by a pointer. In the 432, 
the operation creates a generic object and an ac- 
cess descriptor to reference it. 

Dynamic-Typed Objects OEM-developed software 
added to a computer needs protection for exactly 
the same reasons that the operating system does. 
Coexisting with unknown programs that have been 
written by fallible (and sometimes malicious) end-us- 
ers, the OEM software must keep running correctly 
and must prevent the disclosure or alteration of sen- 
sitive information belonging to either the OEM or the 
end-user. The principal weakness of conventional 
protection systems is that the hardware vendor mo- 
nopolizes the protection facilities of the machine, 
leaving only interprocess protection for the OEM or 
end-user. In the 432, full protection can be extended 
to every new facility, whether added by Intel, the 
OEM, a software vendor, or the end-user. 
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Table 3. iAPX 432 System Objects 



Instruction Object 

contains GDP instructions; the GDP will fetch instructions only from instruction objects. 
Domain 

represents a program module (package) and references subprograms (instruction objects) and 
data objects in the module. 

Context 

represents a program or subprogram activation (call) and defines the access environment of the 
call, i.e., the set of objects that the activation can reference. 

Type Definition Object (TDO) 

represents a software-defined object type, and can contain attributes of the type (e.g., the type 
name). 

Type Control Object (TCO) 

represents type-specific privileges, such as the right to create objects of a particular type or to 
gain access to objects of a particular type. 

Object Table 

contains the object descriptors used in object addressing and memory management. 

Storage Resource Object (SRO) 

represents a free storage pool used to create new objects; references an object table that will 
contain the new object's descriptor, a physical storage object from which the new segment will 
be allocated, and a storage claim object that limits allocation from this SRO. 

Physical Storage Object (PSO) 

specifies free storage blocks in memory. 

Storage Claim Object (SCO) 

limits the number of bytes that can be allocated from a set of SROs that reference this SCO. 

Process 

represents a program or subprogram activation that can execute concurrently (in parallel) with 
other processes. 

Port 

provides communication between concurrent activities. A port includes a queue of messages 
sent to the port but not yet received, and a queue of blocked activities waiting to receive 
messages (at an empty port) or to send messages (at a port with a full message queue). 

Carrier 

represents an activity in communication with other concurrent activities via ports. Carriers carry 
messages to and from ports. 

Processor Object 

contains attributes and state information for an iAPX 432 processor (e.g., a GDP). Because 
programs in an iAPX 432 system can only manipulate information in objects, all information 
about a processor that" must be visible to software must be contained in an object. 

Processor Communication Object 

used by the iAPX 432 interprocessor communication mechanism to transfer messages between 
processors. 
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Figure 6. 432 System Objects (Reserved areas are used by 
processors; preserved areas are available to system software) 
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Figure 6. 432 System Objects (Reserved areas are used by 
processors; preserved areas are available to system software) (Continued) 
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Figure 6. 432 System Objects (Reserved areas are used by 
processors; preserved areas are available to system software) (Continued) 
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If base typing protects the 432's addressing mecha- 
nism, and system typing protects the 432's system 
objects, dynamic-typing can be viewed as protecting 
users from one another. In essence, dynamic-typing 
enables a programmer to define a specific type of 
object including the operations that are valid for it, 
and then have the hardware enforce the definition, 
just as it would for any of the system objects. 

When a type manager creates a dynamic-type ob- 
ject for a user, it returns an access descriptor for 
that object. When the user subsequently wishes to 
manipulate the object, it passes the access descrip- 
tor as a parameter in a call to one of the type man- 
ager's operations. Dynamic-typing prevents the user 
from manipulating the object's representation direct- 
ly; the user holds a reference for the object, but the 
object is effectively "sealed" from access. Only the 
type manager can "unseal" the object; any other 
attempt to operate on the object's contents is abort- 
ed by the hardware. 

Refinement Occasionally, it is convenient to define 
a new object that is a subset of an existing object. A 
"personnel record," for example, might contain 
"public" information such as name and department, 
and "private" information, such as salary. A process 



with access to the complete record may want to 
send only the public part to another process. It may 
do so by creating what is called a refinement of the 
object (see Figure 7); 

Interconnect Objects Groups of hardware registers 
within the interconnect space are represented as In- 
terconnect Objects, and can be accessed by the 
GDP only through the MOVE TO INTERCONNECT 
and MOVE FROM INTERCONNECT operators 
(Note: an Interface Processor gains access by open- 
ing Window 1 onto ah Interconnect Object). Inter- 
connect objects have no access descriptors. 

Rights and Bounds Each access descriptor con- 
tains a set of rights which further defines how the 
holder of the reference may use the referenced ob- 
ject (see Figure 8). These base and system rights 
are set when the holder is given the reference. Base 
rights define whether the object may be read-only, 
write-only, either or neither. A user with a reference 
to a system object, for example, will be unable to 
read or write the object. System rights are system- 
type-specific; for example, the system rights for a 
port object indicate whether the holder may send a 
message to the port, or receive a message from the 
port. 
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Figure 7. Refinement Object 
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Figure 8. Access Descriptor Format 



A type manager may define up to five rights for the 
dynamic-typed object it manages. It may selectively 
grant rights to a user when it creates an object and 
returns the reference for it. When a type manager 
receives a reference for an object, it may compare 
the rights in the reference to the operation request- 
ed by the user. The manager of a "bank account" 
object, for example, may permit all users to credit 
and debit bank accounts, but only a few may be 
granted the right to close an account. 

Finally, the hardware performs a bounds check to 
insure that the displacement component of a logical 
address in fact falls within the target object. This is 
done by simply comparing the displacement to the 
object's length (contained in the object descriptor). 

For improved performance, the hardware holds 
length and rights information for frequentjy-used ob- 
jects, as well as their physical base addresses, and 
virtual memory control information, on chip. 

Object Management 

Reference Manipulation A procedure sometimes 
needs to manipulate the entries in its access de- 
scriptor list (as opposed to the objects the list refer- 
ences). The common base architecture defines op- 
erations that permits copying an access descriptor 
from one "slot" to another, and for nulling an access 
descriptor. This last operation is used to delete the 
reference to an object that is no longer needed. An- 
other operation permits a procedure to inspect an 
access descriptor, for example, to examine the 
rights bits. A procedure may similarly inspect the ob- 
ject table entry indexed by an access descriptor to 
see, for example, if the object is dynamic-typed (i.e., 
the entry is for a type control object, rather than an 
object descriptor). 



Object Creation and Deletion Free storage in cen- 
tral system memory is accounted for in system ob- 
jects called storage resource objects, or SROs. 
SROs are lists of unallocated blocks of memory. 
Given a x reference to an SRO, a procedure can cre- 
ate a new object dynamically; the instructions that 
create new objects automatically update the SRO 
from which storage is obtained. 

Objects have "lifetimes": they come into being and 
occupy storage, and they also disappear, giving up 
their storage. The 432 common base architecture 
distinguished between short-term and long-term ob- 
jects. A short-term object exists for the lifetime of 
the procedure that creates it; that is, it is allocated 
when the procedure is called and it is deallocated 
when the procedure returhs. An operand stack, for 
example, is automatically created when a procedure 
is called, and a procedure may create an object to 
pass as a parameter to another procedure. A long- 
term object exists after its creating procedure re- 
turns; in fact, it lives indefinitely, until there are no 
object references left for it. A type manager "create" 
operation will create a long-term object. 

As mentioned, short-term objects are deallocated 
automatically by the hardware when the creating 
procedure returns to its caller. Long-term objects are 
deallocated by a software routine called a garbage 
collector. This operating system routine sweeps 
through memory looking for objects that no longer 
have references left to them. When such an object is 
found, the garbage collector reclaims the storage 
occupied by the object by removing the object's de- 
scriptor from the object table and returning the stor- 
age block(s) occupied by the object to the SRO from 
which it was allocated. 
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Garbage collection id a complex operation; most 
conventional systems let garbage accumulate until a 
request for memory allocation cannot be satisfied. 
Then they halt normal execution, collect garbage, 
and resume operation. To avoid this suspension of 
service, the 432 architecture defines a reclamation 
bit in each object descriptor. By setting the reclama- 
tion bit whenever it copies an object reference, the 
hardware permits garbage to be collected on-the-fly, 
in parallel with normal execution. The operating sys- 
tem performs garbage collection automatically, re- 
lieving programmers of much of the burden of stor- 
age management. 

Mutual Exclusion It is perfectly possible for two 
• processes to hold references for the same object 
(see Figure 9, for example). If both processes only 
read the object they need not coordinate their oper- 
ations. Consider, however, an object that accumu- 
lates the total number of transactions handled by 
several processes. Every so often each of these 
processes adds the number of transactions it has 
handled in the preceding time period to afield in this 
object. Although the addition is performed in a single 
machine instruction, at least three memory access- 
es are required to complete the operation: 1) read 
the old total; 2) read the increment; 3) write the new 
total. The integrity of the total is in jeopardy when 
two processes update it at nearly the same time. 
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The 432 has three classes of mutual exclusion 
mechanisms: I/O locks, object locks, and indivisible 
operations. Each object's storage descriptor con- 
tains a bit called the I/O lock. When an Interface 
Processor opens a window on the object, it checks 
to see that the object is not already l/O-locked, and 
then it locks it for the duration of the I/O transfer. 
Software running on a GDP may check for an I/O 
lock by inspecting an object's storage descriptor. 

An object lock field may be defined for any data 
object. Processes that update such an object agree 
by convention not to update the object without first 
locking it, and further agree to unlock the object as 
soon as exclusion is no longer required. The LOCK 
OBJECT is conditional: it returns a value that indi- 
cates if the object was successfully locked (i.e., was 
not locked by another process). A process should 
refrain from accessing the object until it successfully 
locks it. In general, an object's type manager will 
take care of locking and unlocking the objects it 
manages, eliminating the need for object users to 
know anything about locks. 

Note that a processor locks a 432 system object 
when it needs exclusive access to it during the exe- 
cution of a high-level operation. This prevents anoth- 
er processor, or an executive routine, from interfer- 
ing with a critical operation on the object. 
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Figure 9. Two processes can share access to the same object. In the figure, 
both Processes A and B can access Data Object 3. In these cases, 
some mutual exclusion mechanism must be used to prevent inconsistent updating. 
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Often an object only needs to be locked for the du- 
ration of one instruction. The common base archi- 
tecture defines operators that permit addition and bit 
field insertion (1 to 32 bits) to be performed indivisi- 
bly. When an indivisible operator is executed, the 
processor signals a read-modify-write bus cycle; the 
system memory controller must not permit a second 
RMW-write access to the target memory until the 
updated value has been written back into memory. 
Thus, the integrity of a shared value is guaranteed 
so long as programs that update it do so with indivis- 
ible operations. 

While a refinement is effectively a new object that is 
a contiguous subset of an existing one, it actually 
requires only a new access descriptor, thereby sav- 
ing storage and execution time. A process with a 
reference to a refinement has no knowledge of the 
"underlying" refined object. The process that creat- 
ed the refinement, however, can "retrieve" the re- 
fined object from a reference to the refinement. 



Process Communication 

Except as they hold references to the same objects, 
432 processes are completely independent of one 
another. Two processes may execute alternately on 
the same processor, or they may execute simulta- 
neously on different processors. The 432 interpro- 
cess communication facility enables processes to 
communicate with each other by transmitting access 
descriptors (as messages) through memory during 
execution. 

Since any object reference can be transmitted, proc- 
ess communication is an extremely efficient and ver- 



satile facility; it provides the basis for I/O operations 
and process dispatching in addition to more tradi- 
tional message passing. Process communication 
can also be used to implement another form of mu- 
tual exclusion. 

A complete transmission consists of a send and a 
corresponding receive. Since processes execute 
asynchronously with respect to each other, the 
time at which a process desires to send a message 
is unrelated to the time at which another process is 
ready to receive a message. Further, the rates at 
which processes send and receive are, for the most 
part, unpredictable. This is in contrast to the syn- 
chronous communication of procedures within the 
same process, which may pass object references as 
parameters in ordinary call and return operations. A 
call effectively suspends execution of the caller and 
starts execution of the called procedure; a return ter- 
minates the called procedure and resumes the Call- 
er. 432 interprocess communication, on the other 
hand, allows the communicating processes to run 
concurrently. 

The 432 port object provides the synchronization 
and buffering needed for asynchronous process 
communication. Conceptually, a port is a queue; two 
processes with references to the same port have a 
channel over which they can communicate. A proc- 
ess wishing to transmit a message executes a SEND 
operator, which copies the access descriptor to the 
port (see Figure 1 0). A processes ready to obtain the 
message executes a RECEIVE operator, which 
moves the access descriptor at the head of the 
queue to the receiver's object reference list, thereby 
making the object accessible and deleting it from the 
queue. 
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1) Both Process A and Process B have an access descriptor for the port, while A has an access 
descriptor for the target object. 



Figure 10. Simple Message Transmission 
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2) A sends message to port; an access descriptor for the target object is queued. 
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3) B receives message from port; Processes A and B now have access to the target object. 



Figure 10. Simple Message Transmission (Continued) 



When a port is created, it is given a queuing disci- 
pline, which may be first-in-first-out (FIFO), or priori- 
ty/deadline. A send to a FIFO port inserts the mes- 
sage at the back of the queue. A send to a priority/ 
deadline port inserts the message according to pri- 
ority and deadline parameters associated with it 
(and the messages already enqueued, if any). Inser- 
tion is done so that the highest priority messages 
are at the front of the queue; within a priority level, 
messages with the shortest (least) deadline are 
placed in front. A receive operation always takes the 
message at the front of the queue. 

The simple SEND and RECEIVE operators are un- 
conditional: they imply that the executing processes 
is willing to block if the port is full (or empty). A 
SEND to a full port or a RECEIVE at an empty port 
enqueues a reference to the sender's process ob- 
ject at the port; further execution of the process is 
blocked while it effectively waits at the port. When 
SENDs and RECEIVES executed by other processes 
make it possible to complete the original operation, 
the process is automatically unblocked and execu- 
tion may resume. A process waiting at a port due to 
a blocked RECEIVE, for example, is unblocked 



when another process SENDs a message to that 
port. 

The CONDITIONAL SEND and CONDITIONAL RE- 
CEIVE operators, in contrast, never block: these op- 
erators return a value that indicates whether the op- 
eration was "successful." This signal gives the proc- 
ess the option of doing some other work and at- 
tempting the send or receive later. Other operators, 
called SURROGATE SEND and SURROGATE RE- 
CEIVE enable even more sophisticated forms of in- 
terprocess communication. 

A port is also useful as a mutual exclusion mecha- 
nism. Processes that periodically require exclusive 
access to a shared object can designate a port to 
hold a single "key" to the object; the key can simply 
be a null access descriptor. When a process needs 
to obtain exclusive access; it does a receive opera- 
tion on the port to pick up the key. (If the key is in 
use, the process blocks at the port.) When it actually 
receives the key, the process has exclusive access 
to the shared object. As soon as it has finished with 
the object, the process sends the key back to the 
port, making it available to other processes. 
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Interprocessor Communication 

To coordinate the activities of multiple processors, 
all 432 processors can receive and respond to a set 
of predefined messages (see Table 4). For the most 
part, these messages are sent by processors on 
their own initiative. System software may also send 
a message to a particular processor, or may broad- 
cast a message to all processors in the system. 

When a system's memory manager moves an object 
or swaps it out of memory, for example, it will broad- 
cast a "flush cache" message to all processors. 
This eliminates the possibility that a GDP will refer- 
ence the object with an on-chip cache address 
which has been made invalid by the action of the 
memory manager. Sending a message to a proces- 
sor requires a reference (with proper system rights) 
to that processor's process object; by controlling 
distribution of process object references, system 
software can likewise limit the ability to send proces- 
sor messages. 

Table 4 contains the Interprocessor Communication 
message codes in decimal along with a short de- 
scription of the message: 

Table 4. IPC Message Codes 



0 


Wakeup 


1 


Start 


2 


Stop 


3 


Accept Global IPCs 


4 


Ignore Global IPCs 


5 


Requalify Object Table Cache 


6 


Reset Processor 


7 


Requalify Processor 


8 


Requalify Process 


9 


Requalify Context 


10 


Requalify Data Object Cache 


11 


Enter Normal Mode 


12 


Enter Alarm Mode 


13 


Enter Reconfiguration Mode 


14 


Enter Diagnostic Mode 



Timekeeping 

The central system runs on a single time standard 
which is reflected in the on-chip clock of every 432 
processor. The on-chip clock is a 16-bit accumulator 
which is driven by the PCLK signal. All 432 proces- 
sors are tied to PCLK, which is independent of the 
component (CLKa, CLKb) clocks. When PCLK is as- 
serted by an external timing source, all processor 
clocks increment ("tick") in unison. 



PCLK's frequency, at thus the duration of one sys- 
tem unit, is set according to the resolution required 
by the application; 200 microseconds is a typical val- 
ue. As discussed later, the system unit provides the 
basis for GDP processing and dispatching. 

Each GDP process object contains a clock field that 
is automatically maintained by the hardware. A proc- 
ess clock indicates the number of system time units 
that the process has been bound to a processor (i.e, 
how long it has been executing). Using a 200 micro- 
second clock, a process clock can accumulate over 
236 hours before turning over. Process clocks can 
be read by software and provide the basis for execu- 
tion-time charging algorithms and for adaptive proc- 
ess scheduling. 



Exceptions 

Software Faults Most modern computers provide a 
facility for detecting errors during execution; for ex- 
ample, many CPUs detect arithmetic overflow or an 
application program's attempt to execute a "privi- 
leged" instruction. The 432 extends this concept 
into a comprehensive, structured software fault sys- 
tem (see Table 5). 

A software fault is an exceptional condition uncov- 
ered by a processor during execution. It may be a 
simple computational error (e.g., square root of a 
negative number), an attempted protection violation, 
or a condition that requires off-line handling though 
v not an error or violation. Whatever the source, the 
architecture recognizes that normal computation 
cannot continue until the exceptional condition is re- 
solved. 

The architecture defines software fault detection 
and fault reporting; that is, the notification that a 
fault has occurred and provision of information de- 
scribing it. Software fault handling, which may in- 
clude fault recovery in many cases, is the province 
of application or— more frequently— system soft- 
, ware. A software fault may be detected at any time: 
during the execution of an instruction or command, 
while a processor is performing an operation on its 
own initiative, during an IP data transfer, and so 
forth. A processor reports a software fault by first 
recording descriptive information in the predefined 
fault information area of a system object. This in- 
formation describes the nature of the fault and pro- 
vide additional information that may assist software 
in recovering from it. The fault handler examines the 
fault information and takes "appropriate action," as 
defined by the application. This may vary considera- 
bly according to the application and the nature of the 
fault. 
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Table 5. Detectable Software Faults 



General Fault Groups 

Memory Reference Faults: 
Segment Overflow Fault 
Memory Overflow Fault 
Read Rights Fault 
Write Rights Fault 
Bus Error 

Instruction Fetch Fault 

Data Part Cache Qualification Faults 

Data Part Access Faults: ' 

Access Descriptor Validity Fault , 
Object Descriptor Type Fault 

Object Table Qualification Faults: 
Object Descriptor Type Fault 
Object Type Fault 

Access Environment Altered Faults: 
Access Descriptor Validity Fault 
Object Descriptor Fault 

Data Operator Fault Groups 

Domain Error Fault 
Overflow Fault 
Underflow Fault 
Inexact Fault 

Non-Instruction Interface Faults 

Initialization: 

Object Qualification Faults (Processor) 
Object Qualification Faults 
(Object Table Directory) 

IPC Faults 

Object Qualification Faults (PCO) 
PCO Response Count Fault 
PCO Lock Fault 

Idle: 

Delay Port Service Faults 

Process Binding: 

Object Qualification Faults (Carrier) 
Process Lock Faults 
Process Qualification Faults 
Port Operation Faults 

Process Selection: 

Delay Port Service Faults 
Object Qualification Faults 
Port Operation Faults 



Object Operator Faults 

Branch 

Branch True 

Branch False: 

Instruction Pointer Overflow Fault 
Instruction Object Displacement Fault 

Branch Indirect: 

Instruction Object Displacement Fault 

Branch Intersegment 

Branch Intersegment without Trace 

Branch Intersegment and Link: 

Object Qualification Faults (Instructions) 
Instruction Object Displacement Fault 

Copy Access Descriptor: 

Store Access Descriptor Faults 

Null Access Descriptor: 

Destination Delete Rights Fault 

Amplify Rights: 

TCO Type Rights Fault 

Object Qualification Faults (TCO) 

Type Fault 

Race Condition Fault 

Retrieve Type Definition: 
Source AD Validity Faults 
Store Access Descriptor Faults 

Create Refinement: 

Source AD Validity Fault 
Object Descriptor Type Fault 
Offset and Length Compatibility Fault 
Refinement Overflow Fault 
Level Fault 

Create Typed Refinement: 
TCO Type Rights Fault 
Source AD Validity Fault 
Object Descriptor Type Fault 
Type Fault 

Offset and Length Compatibility Fault 
Refinement Overflow Fault 
Level Fault 

Create Typed Object: 

Descriptor Allocation Faults 
Object Qualification Faults (TCO) 
TCO Type Rights Fault 
Level Fault 

Segment Allocation Faults 
Store Access Descriptor Faults 



5-21 



171873-002 



inteT 



iAPX 43201/iAPX 43202 



Table 5. Detectable Software Faults (Continued) 



Inspect Object: 

Access Path Object Descriptor Fault 

Lock Object: 

Source Representation Rights Fault 

Unlock Object: 

Source Representation Rights Fault 
Object Lock ID/Type Fault 

Call 

Call through Domain: 

Object Qualification Faults (Domain) 
Domain Access Index Overflow Fault 
Instruction Object Type Rights Fault 
Object Qualification Faults (Instructions) 
Context Parameters Size Fault 
Context Type Rights Fault 
Object Qualification Faults (Context) 
Instruction Object Displacement Fault 

Return: 

Context Type Rights Fault 
Context Qualification Faults 
Object Qualification Faults (PSO) 
Object Qualification Faults (Object Table) 
PSO Lock Fault 

Instruction Object Displacement Fault 

Block Move: 
Offset Overflow 



Return and Fault: 
Return Fault 

Send 
Receive 

Conditional Send 
Conditional Receive 
Delay Process 
Send Process: 

Port Type Rights Fault 

Level Fault 

Surrogate Send 
Surrogate Receive: 

Surrogate Carrier Validity Fault 

Surrogate Carrier Type Rights Fault 

Destination Port Type Rights Fault 

Port Type Rights Fault 

Level Fault 

Set* Process Mode: 

Process Object Type Rights Fault 
Process Object Access Mismatch Fault 

Send to Processor: 

PCO Type Rights Fault 

Object Qualification Faults (PCO) 

Move to Interconnect 

Move from Interconnect: 
Odd Displacement Fault 
Odd Interconnect Descriptor Base Address Fault 
Object Qualification Faults (Interconnect) 



The common base architecture recognizes that 
some faults are more serious than others; indeed 
certain faults, such as ''not allocated" (i.e., an object 
needs to be swapped in from external storage) will 
be routine in many systems. Accordingly, software 
faults are divided into levels based on their impact 
on the system and the amount of information re- 
quired to resolve them. This permits software to pro- 
vide a response that is appropriate to the severity of 
the problem and to minimize the disruption that han- 
dling the fault may have on the rest of the system. 

In general, the philosophy is to keep the unaffected 
parts of the system running while the fault is handled 
outside the normal flow of execution. Processors 
record fault information in the system object that 
corresponds to the fault-level; for example, informa- 
tion describing a process-level fault is recorded in 
the process object. 

A context is a single instance of a procedure in exe- 
cution. A context-level fault is one that can normal- 
ly be handled within the process (i.e., by application 
code). Ada, for example, permits programmers to 



write exception handlers that will respond to GDP 
context-level faults. 

A process-level fault prevents the current process 
from continuing until the fault is handled, but does 
not affect other processes. GDPs and IPs respond 
to this situation similarly. Generally, the procedure is 
to remove the offending process from the set of ac- 
tive processes by sending its process object to a 
fault pott and then dispatching the next ready proc- 
ess. 

Each process is associated with a fault port; a fault 
port is an ordinary port that queues messages that 
happen to be references to "broken" processes. An 
operating system fault process can receive these 
process objects and attempt to "repair" them, that 
is, recover from the fault. For example, if the fault 
process determines that the fault is "object not allo- 
cated," it can notify the system's virtual memory 
manager to swap in the needed object. When this 
has been done, the fault process can send the proc- 
ess off to its dispatching port (see "Scheduling and 
Dispatching"). 
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A processor-level fault threatens (but might not ab- 
solutely prevent) continued execution by the proces- 
sor. The GDP and IP respond to this situation differ- 
ently, but the basic procedure is to run a processor 
diagnostic program. 

At the final level, the processor cannot do anything, 
not even record fault information. It therefore halts 
and asserts its FATAL pin. Software on some other 
processors might monitor this pin; for example, it 
could be routed to an interconnect register and peri- 
odically sampled. A halted processor can be restart- 
ed by hardware (asserting its INIT pin) or software 
(sending a START IPC). 

Interrupts. Each 432 processor has an ALARM pin 
which can be asserted to signal the occurence of an 
extremely high priority external event. A typical ex- 
ample is imminent power failure. In general, when 



ALARM has been asserted, the GDP will complete 
its current instruction and then invoke a designated 
software process (waiting at the ALARM port). 



Data Types 

The memory formats of the GDP's eight basic data 
types are illustrated in Figure 1 1 . Any data type may 
be stored on any byte boundary (performance is im- 
proved, however, when data is aligned on physical 
memory boundaries). The types are divided into four 
classes: character, ordinal (unsigned integer), inte- 
ger, and real. These data types correspond directly 
to the "primitive" types defined in most high level 
languages. Implementing the essential types in hard- 
ware, with a choice of storage requirements for each 
class, helps ensure that compiler-generated code 
sequences are both compact and fast. 



J L 



J L 



4 — I I I I L 



J I J I I i i i 



□ CHARACTER | _ 

(8 bits) J 



SHORT ORDINAL 
(16 bits) 



ORDINAL 
(32 bits) 



SHORT INTEGER 
(16 bits) 



INTEGER 
(32 bits) 



SHORT REAL 
(32 bits) 



, TEXT CHARACTERS 
B00LEANS 



UNSIGNED 
INTEGERS 



, SIGNED 
INTEGERS 



REAL 
(64 bits) 



TEMPORARY REAL 

(80 bits) 



FLOATING 
. POINT 
NUMBERS 



Figure 11. iAPX 432 GDP Computational Data Types 
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Table 6 gives the attributes of the numeric data 
types. Of particular note is the temporary-real data 
type. The extra range and precision of this type con- 
tributes to the production of consistently safe, reli- 
able floating-point algorithms. As its name implies, 
the temporary-real type is intended for holding inter- 
mediate computational results. The inputs and out- 
puts of a calculation should be defined as short-real 
or real, according to the range and accuracy of the 
available data. All intermediate results should be 
held in temporary-real, with the final conversion to 
the output at the end of the computation. 

Extremely large and small values are most likely to 
occur in intermediate computations; using tempo- 
rary-real for these makes overflow and underflow ex- 
ceedingly unlikely in most applications. Temporary- 
real's extended precision also prevents round-off er- 
rors from accumulating during long computations; 
the only significant round-off occurs at the conver- 
sion from temporary-real to the real or short-real for- 
mat of the final result. 



Instruction Set 

Table 7 shows the instructions the GDP provides for 
its data types. The symmetry of the instruction set 



with respect to data types simplifies compiler code 
generation. 

In the data transfer group, the ZERO and ONE in- 
structions write a constant into an operand. MOVE 
copies a variable, popping the stack if it is the 
source, pushing it if it is the destination. SAVE cop- 
ies the stack top without popping the stack; it can be 
used to duplicate the stack top. 

The logical instructions perform the customary oper- 
ations. XNOR is the complement of XOR (exclusive 
OR): where XOR returns 1 -bits when corresponding 
bits are unequal, XNOR returns 1 -bits when corre- 
sponding bits are equal. It is thus the Boolean equiv- 
alent of "equals." 

In the arithmetic group, the REMAINDER instruction 
performs exact modulo division; it is very useful for 
reducing an argument to a periodic transcendental 
function (e.g. tangent) to the range accepted by the 
function without introducing round-off error. 
SQUARE ROOT executes in about the same time as 
ordinary division; programmers need not contort al- 
gorithms to eliminate time-consuming square roots. 



Tabie 6. Numeric Data Types 



Data Type 


Significant 
Digits* 


Approximate Range 


Character 


2 


0 <; x ^ 255 


Short-Ordinal 


4 


0 <. x ^ 65,535 


Ordinal 


9 


0 <; x <; 4,294,967,295 


Short-Integer 


4 


-32,768 <: x £ 32,767 


Integer 


9 


-2,147,483,648 £ x £ 2,147,483,647 


Short-Real 


6-7 


8.43 X 10 - 37 £| x |£ 3.37 X 1038 


Real 


15-17 


4.19 X 10-3Q7 <£| x k 1.67 X 10308 


Temporary-Real 


19 


3.4 X 10-4932 <;|x[<; 1.2 X 10*932 



* Decimal equivalent 
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Table 7. iAPX 432 Operators and Computational Data Types 



MOVE 

OPERATORS 



LOGICAL 
OPERATORS^ 



{ 
•{ 



ARITHMETIC 
OPERATORS 



BIT-FIELD 
INSERT 



RELATIONAL 
OPERATORS^ 



CONVERSION 
OPERATORS " 



WHERE: 



Operators 


Data Types 


Char. 


Short 
mninai 


Ordinal 


Short 
Integer 


Integer 


Short 
neai 


Real 


Temp, 
neai 


MOVE 


A 


Y 
A 


x 


Y 
A 


Y 
A 


x 


X 


x 


SAVE 


X 


X 


X 


X 


X 


X 


X 


X 


Ltnu 


X 


X 


X 


X 


X 


X 


X 


X 




X 


X 


X 


X 


X 


























AND 


Y 
A 


A 


Y 
A 












INCLUSIVE OR 




Y 
A 


x 












EXCLUSIVE OR 


Y 
A 


Y 
A 


x 












EQUIVALENCE 


Y 
A 


Y 
A 


Y 
A 












NOT 


Y 
A 


Y 
A 


x 






























ADD 


x 


x 


x 


x 


x 


* 




x 


SUBTRACT 


x 


x 


x 


x 


x 






x 


MULTIPLY 




x 


x 


x 


x 






x 


DIVIDE 




Y 
A 


Y 
A 


Y 
A 


Y 
A 


* 


; 


Y 
A 


REMAINDER 




A 


x 


x 


Y 
A 






x 


INCREMENT 


x 


x 


x 


x 


x 








DECREMENT 


X 


X 


Y 
A 


X 


X 








NEGATE 








Y 
A 


X 


Y 
A 


X 


Y 
A 


ARSOI 1 JTF VAI 1 IE 












Y 
A 


X 


Y 
A 


SOI IARE ROOT 
















X 


INDEX 






Y 
A 














« 
















EXTRACT 




x 


x 












INSERT 




x 


x 












SIGNIFICANT BIT 




Y 
A 


x 






























EQUAL 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


NOT EQUAL 


V 
A 


Y 
A 


X 


Y 
A 


Y 
A 








EQUAL ZERO 


x 


x 


Y 
A 


Y 
A 


Y 

. A 


Y 
A 


Y 
A 


x 


NOT EOUAL ZERO 


Y 
A 


Y 
A 


Y 
A 


X 


X 








LESS THAN 


X 


X 


X 


X 


X 


X 


X 


Y 
A 


LESS THAN OR EOI IAI 


X 


X 


X 


X 


X 


X 


X 


X 


POSITIVE 








X 


X 


X 


X 


Y 
A 


NEGATIVE 
live. 








X 


X 


X 


X 


Y 
A 


MOVE IN RANGE 








x 


X 


























TO CHARACTER 










X 








TO SHQRT ORDINAL 


X 








X 








TO ORDINAL 










X 






X 


TO SHORT INTEGER 










X 








TO INTEGER 


X 


X 


X 


X 








X 


TO SHORT REAL 
















X 


TO REAL 
















X 


TO TEMPORARY REAL 




X 


X 


X 


X 


X 


X 





(BLANK) 



Means the operator is available for the given data type. 

Means the operator is available for the given data type and for instructions 

in which one of the operands is a temporary real 

Means the operator is not available and would be of little or no use if it were. 

Means the operator is not available. 
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The bit field instructions, EXTRACT and INSERT BIT 
FIELD, make the manipulation of packed bit field 
records simple and rapid. The SIGNIFICANT BIT in- 
struction returns the position of the "leftmost" 1-bit 
in an ordinal or short-ordinal. Note that the INSERT 
BIT FIELD is an indivisible operation; once the in- 
struction starts to run, no other processor can per- 
form an indivisible operation on the field until its new 
value has been written into memory. 

The instructions in the comparison group assert a 
condition existing in a single variable (e.g., EQUAL 
ZERO) or between two variables (e.g., GREATER 
THAN). These instructions return a Boolean value 
TRUE or FALSE according to the truth of the asser- 
tion. Conditional branching is effected by following a 
comparison with BRANCH TRUE or BRANCH 
FALSE instruction. 

The GDP has the full complement of 432 common 
base instructions plus addition data processing op- 
erations. Some of these permit changing the flow of 
control in a program by conditibnal and uncondition- 
al, and by calling a procedure. Others facilitate the 
manipulation of composite objects (objects made up 
of other objects), access to data declared global to 
all procedures in a process, and setting precision 
and rounding modes for real number computations. 
Finally, two of the instructions give a GDP program 
access to the interconnect space. 



Instruction Formats 

The 432's instruction codes have been designed to 
minimize the space the instructions occupy in mem- 
ory and still allow for efficient encoding. In order to 
achieve the best efficiency in storage, the instruc- 
tions are encoded without regard for byte, word, or 
other artificial boundaries. The instructions may be 
viewed as a linear sequence of bits in memory, with 
each instruction occupying exactly the number of 
bits required for its complete specification. 

Processors view these instructions as composed of 
fields of varying numbers of bits that are organized 
to present information to the Instruction Decoder in 
the sequence required for decoding. A unified form 
for all instructions allows instruction decoding of all 
instructions to proceed in the same manner. 

In general, GDP instructions consist of four main 
fields. These fields are called the class field, the for- 
mat field, the reference field, and the opcode field. 
The reference field, in turn, may contain several oth- 
er fields, depending upon the number and the com- 
plexity of the operand references in the instruction. 
The fields of a GDP instruction are stored in memory 
in the following format. 



The class field is either 4-or 6-bits long, depending 
on its encoding. The class field specifies the number 
of operands required by the instruction and the prim- 
itive types of the operands. The class field may indi- 
cate 0, 1 , 2, or 3 operands. If the class field indicates 
one or more references, a format field is required to 
specify whether the references are implicit or explicit 
and their uses. 

In the case of explicit references, the format field 
can indicate whether or not the reference is direct or 
indirect. Further, the format field may indicate that a 
single operand plays more than one role in the exe- 
cution of the instruction. As an example, consider an 
instruction to increment the value of an integer in 
memory. The instruction begins with a class field 
specifying that the operator is of order two and that 
the two operands occupy a word of storage; next, 
the format field indicates that a single reference 
specifies a logical address to be used both for fetch- 
ing the source operand and for storing the result; it is 
followed by an explicit data reference to the integer 
to be incremented; and finally the instruction ends 
with an opcode field for the order-two operator IN- 
CREMENT INTEGER. 

It is possible for a format field to indicate that an 
instruction contains fewer explicit data references 
than are indicated by the instruction's class field. In 
this case, the other data references are implicit, and 
the corresponding source or result operands are ob- 
tained from (or returned to) the top of the operand 
stack. Consider the following statement: 

A = A + B*C 

The instruction fragment for this statement consists 
of two instructions and has the following form: 





opcode 


reference 


format 


class 


\ 


4— 


Increasing address 





Assume that A, B, and C are integer operands. The 
first class field (the rightmost field shown above) 
specifies that the operator requires three references 
and that all three references are to word operands. 

The first format field contains a code specifying two 
explicit data references supplying only two source 
operands. The destination is referenced implicitly so 
that the result of the multiplication is pushed on the 
operand stack. The second class field is identical to 
the first and specifies three required references by 
the operator, all to word operands. The second for- 
mat field specifies one explicit data reference to be 
used for both the first source operand and the desti- 
nation. The second source operand is referenced 
implicitly and popped from the operand stack when 
the instruction is executed. 
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The reference fields themselves can be of various 
lengths and can appear in varying numbers (consis- 
tent, of course, with the specifications in the class 
and format fields. If implicit references are specified, 
reference fields for them will not appear. Direct ref- 
erences will require more bits to specify than indirect 
references. 

Following the class, format, and reference fields, the 
opcode field appears. The opcode field specifies the 
operator to be applied to the operands specified in 
the preceding fields. 



Addressing Modes 

The operands (data items) that a GDP instruction is 
to operate on are encoded in the instruction as data 
references consisting of two parts: a base part and 
an index part. The entire data reference can there- 
fore be viewed as having three components: an ac- 
cess selection component, which selects an object; 
a base part of the operand offset, which provides a 
byte displacement to the base of the area of memo- 
ry within the selected object; and an index part of 
the operand offset, which specifies a particular oper- 
and within that area. 

The addressing is very flexible since each part of the 
operand offset can be specified directly or indirectly. 
A direct base or direct index has its value specified 
directly in the data reference encoding. When indi- 
rection is used, however, the value of the base or 
index is given by a short-ordinal value located within 
the currently accessible object. 

There are four possible combinations of direct and 
indirect base and index parts, and each combination 
results in a different mode of reference (see Figure 
12). Each of the four combinations has been used to 
name a data reference mode indicating the kind of 
data structure for which the reference would usually 
be used. The scalar, record, static array, and dynam- 
ic array modes correspond roughly to the direct, 
base, indexed, and base-plus-index modes found in 
-* ny comput' -s; a! ! *~ ,M - ~ indepenc* *!y 
available for any operand specified in an instruction. 

As shown in Figure 13, the displacement component 

u„ ~~)ded drc?* , y " ~*?.y 
come from base and index variables in memory (in- 
cluding the stack), or may consist of one direct and 
one indirect value. Choosing between direct and in- 
direct cp... . '"'iztiopz prirrt^r:^ ~'z,: L 1:1 r/!~ll ':: ' 

mation is fixed at compile-time and what may be 
computed during execution. 

NcU> ll.wii ..Ji.^i index value (used to seiuA an 
array element) is expressed naturally as the element 



number to be accessed. The hardware automatically 
scales the index according to the data type being 
manipulated by the instruction to calculate the actual 
byte displacement. For example, to address the third 
element of a vector, the indirect index variable would 
contain the value 3 for any type of vector— charac- 
ter, integer, real, etc. 

A fifth addressing mode is implicitly specified when a 
data reference is expected (according to the "num- 
ber of references" field), but none is encoded in the 
instruction. The data reference in this case is the 
operand on top of the stack. If the operand is the 
source, it is automatically popped from the stack; if 
the operand is the destination, the result of the oper- 
ation is pushed onto the stack. 



Large Array Indexing 

The maximum size of the data part of an object is 
65,636 (64K) bytes, but of course, some applications 
require arrays that are larger. The INDEX ORDINAL 
operator is used to access these large arrays. 

The large array is mapped (at compile-time) into a 
series of objects, each with data parts that are 2,048 
bytes (2K) long. All these objects are directly acces- 
sible in the current logical access environment. The 
INDEX ORDINAL operator works as follows: 

Given: 

• The size of each element in the array (i.e., a 
scale factor) 

• The access selector for the base segment of 

the array 

• the ordinal index for the desired array element 
The operator computes: 

• The access selector for the appropriate 2K 
data object that contains the indexed array ele- . 

men! 

• The displacement into the data part of that ob- 
ject in the array element 

The resulting short-ordinal values can then be used 
with the indirect access selection mode and the rec- 
ord, static array, or dynamic array data reference 
mod :s to access *!~: ^rray elrr-ont. Of course, this 
whole process is invisible to the typical 432 pro- 
grammer who uses a high-level language and leaves 
the choice of machine instructions to the compiler. 
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Figure 12. Addressing Modes 
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Figure 13. Modes of Displacement Generation (Continued) 
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Scheduling and Dispatching 

In most systems there will be more processes to run 
than there are processors. The procedure by which 
processes "take turns" running on GDPs is called 
dispatching and scheduling. Each processor is as- 
signed to a dispatching port, from which it obtains 
its work, that is, the processes it executes. A dis- 
patching port is an ordinary port object; it so hap- 
pens that the access descriptors queued there are 
for process objects and processor objects. The as- 
signment of processors to dispatching ports is de- 
fined by the application; usually all processors share 
one port, but each may have its own, or a proces- 
sor's dispatching port may be changed by operating 
system software during execution. 



Scheduling and dispatching are performed in two 
loops as shown in Figure 14. To maximize processor 
utilization, low-level scheduling and dispatching are 
performed automatically by the processor with no 
software intervention. Every process has four sched- 
uling parameters; these are initially set by the oper- 
ating system when a process is created. The param- 
eters are: 

1) priority, the relative urgency of the process; 

2) deadline, the amount of time that may pass 
before the process must have a turn on the 
processor; 

3) service period, the duration of one turn; 

4) period count, the number of turns the proc- 
ess should be given before examining its 
scheduling parameters. 
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Figure 14. Process scheduling and processor dispatching. The left half of the diagram describes 
possible states of a process, while the right half describes possible states of a processor. 
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All time values are based on the system time unit. 
These parameters give operating system software 
great flexibility in setting system scheduling policy 
(or policies), and even altering a policy during execu- 
tion. 

Like the messages at any priority/deadline port, 
processes waiting for service at a dispatching port 
are ordered by deadline within priority; the highest- 
priority-least-deadline process is at the front of its 
queue. A GDP dispatching operation consists simply 
of "receiving" this process. The processor loads its 
on-chip service timer with the process's service peri- 
od value and runs the processor for one service pe- 
riod. (Assertion of the PCLK pin increments the 
processor clock and decrements the service period 
as well.) At the end of the service period, the GDP 
decrements the process's period count, updates the 
process's process clock with the number of time 
units given to it, and schedules the process for an- 
other turn. If the period count has not yet expired, 
this is done by sending the process to its dispatching 
port. The send operation inserts the process into the 
queue according to its scheduling parameters. 

If the process blocks before its period expires (be- 
fore the service timer goes to zero), the period count 
and the process clock are also updated (with the 
number of actual units received), but the process is 
sent to a communication port instead of a dispatch- 
ing port. 

High-level scheduling is performed by the operating 
system; it gives the executive the opportunity to ex- 
amine the system's performance and perhaps adjust 
its scheduling algorithms. When a process has ex- 
hausted all its service periods, the processor sends 
the process to a scheduling port instead of a dis- 
patching port. The operating system scheduler re- 
ceives the process, sets its scheduling and service 
parameters again, and sends the process back to 
the dispatching port, where the low-level cycle be- 
gins again. 

When a GDP attempts to dispatch a process and 
none is available, the processor queues itself (that 
is, its processor object) at the dispatching port and 
"sleeps" until a process arrives. (A sleeping proces- 
sor is almost completely idle; in a multiprocessor 
configuration this helps to reduce contention for use 
of the memory bus.) The processor that sends a 
process to the dispatching port also "wakes up" the 
sleeping processor (by means of an IPC); the awak- 
ened processor then dispatches the newly-arrived 
process. Operating system software may periodical- 
ly check dispatching ports for idle processors and 
reassign them to dispatching ports that are more 
heavily loaded. 



Designing Fault-Tolerant Systems 

When used together, the five components in the 
iAPX 432 family provide all the logic necessary to 
build a system that will tolerate the failure of any 
single component or bus, yet continue to execute 
programs without error and without interruption. No 
software intervention is required: fault detection, iso- 
lation, and reconfiguration of the system is per- 
formed entirely by the hardware. 

Each GDP is able to detect hardware errors auto- 
matically because of a capability known as Function- 
al Redundancy Checking (FRC), so called because 
a second or redundant GDP checks the operations 
of the first or master GDP. Functional Redundancy 
Checking provides the low-level hardware support 
upon which hardware fault-tolerant modules are 
constructed. 

During initialization, each GDP is assigned to oper- 
ate as either a master or a checker (see Figure 15). 
While a master operates in a conventional manner, a 
checker places all output pins that are being 
checked into a high-impedance state. Those pins 
which are to be checked on a master and checker 
are parallel-connected, pin for pin, such that the 
checker is able to compare its master's output pin 
values with its own. If on any cycle, the values differ, 
the checker asserts HERR and the faulty compo- 
nents can be immediately disabled. Thus, any hard- 
ware errors can be detected as they occur and be- 
fore they have had the opportunity to corrupt the 
operation of other components in the system. 





INPUTS 


OUTPUTS 








INPUTS 


CHECKED 
,OUTPUTS 



Figure 15. Function redundancy checking 
detects hardware errors automatically. 

While FRC can be used alone to provide automatic 
error detection, a completely fault-tolerant system 
must also be able to reconfigure itself, replacing the 
set of failed components with another pair that is still 
working. In order to do so, the 432's architecture 
enables two pairs of master/checker components to 
be combined to form primary and shadow proces- 
sors in a configuration known as Quad Modular Re- 
dundancy (QMR). See Figure 16. 
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Figure 16. Fault Tolerant Alternatives 
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Every module in a QMR system is paired with anoth- 
er self-checking module of the same type. The pair 
of self-checking modules operates in lock step and 
provides a complete and current backup for afl state 
information in the module. The mechanism is known 
as module shadowing because a shadow is ready to 
fill in if the primary fails (or vice versa). Fault detec- 
tion and recovery occurs transparently to both appli- 
cation and system software. When a fault is detect- 
ed, the faulty pair is automatically disabled, and the 
remaining pair takes over. Only then is system soft- 
ware notified that a failure has occured. 

A more complete discussion of the fault-tolerant ca- 
pabilities of the iAPX 432 can be found in the iAPX 
43204-iAPX 43205 Fault Tolerant Bus Interface 
and Memory Control Units data sheet (Order Num- 
ber 210963). 



HARDWARE IMPLEMENTATION 

The iAPX 432 General Data Processor is organized 
as a three-stage microprogram-controlled pipeline. 
The first stage is the Instruction Decoder, the sec- 



ond the Microinstruction Sequencer, and the third 
the Execution Unit. The first two stages of the pipe- 
line are physically located on the iAPX 43201 with 
the third stage on the iAPX 43202. Each stage, how- 
ever, can be considered an independent subproces- 
sor that operates until the pipeline is full, and then 
halts and waits for more work to do. 



Instruction Decoder 

The general task facing the Instruction Decoder (see 
Figure 17) is to interpret the macroinstruction stream 
both to extract logical addresses and to determine 
the next microinstruction sequence to be initiated. In 
doing so, it performs the following functions: 

• Receives macroinstructions 

• Processes variable length fields 

• Extracts logical addresses 

• Generates starting addresses for the micro-in- 
struction procedures 

• Generates microinstructions for simple opera- 
tions 
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Figure 17. 43201 Block Diagram 
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The Instructipn Decoder requests words from mem- 
ory as they are needed, from one to ten bytes in a 
single access. Depending upon the complexity of 
the instruction, a 432 instruction may range from a 
few bits long to several hundred bits long, extending 
over many words. 

A GDP instruction is composed of a variable number 
of fields and each field may contain a variable num- 
ber of bits. In most cases, the encoding of a field 
specifies its length. The ID determines when an in- 
struction boudary has been reached so it can prop- 
erly begin decoding the next instruction. 

In some cases, the interpretation of one field may 
depend upon the value of some previous filed. The 
intrepretation of the opcode (the last field in an in- 
struction), for instance, depends on the value of the 
class field (the first field) in the instruction. The ID 
therefore saves enough information about each in- 
struction to properly interpret each filed. 

Since a GDP instruction may contain an explicit ref- 
erence to some location in memory, the logical ad- 
dress information must be transfered to the Refer- 
ence Generation Unit in order to generate the cor- 
rect physical address of the operand. As with all 
fields in of a GDP instruction, the length of logical 
address fields is variable. Consequently, the ID for- 
mats the logical address and stores it until needed 
by the Reference Generation Unit. 

Since branch instructions occur frequently, it is im- 
portant to minimize the startup time for the GDP af- 
ter a branch has occurred. Since an instruction may 



begin on any bit, the GDP is able to begin decoding 
at any point in a segment. 

Microinstruction Sequencer 

The Microinstruction Sequencer (MS) decides which 
microinstruction should be sent to the Execution 
Unit (EU) for each cycle. In doing so, it performs the 
following functions: 

• Executes microcode sequences out of an on- 
chip, 4k by 16-bit ROM 

• Responds to bus control signals 

• Invokes macroinstruction fetches 

• Issues microinstructions to the EU 

• Initiates interprocessor communication and 
fault handling sequences 

The MS chooses from two sources of microinstruc- 
tions: they may come from either the ID or from the 
ROM in the MS. After issuing one microinstruction, 
the MS then computes the address in ROM (if any) 
for the next microinstruction. Since the EU may re- 
quire differing lengths of time to complete some mi- 
croinstructions, the MS waits for the requested oper- 
ation to be completed before issuing the next one. 

Execution Unit 

The iAPX 43202 contains the third stage of the GDP 
pipeline — the Execution Unit (see Figure 18). The 
EU receives microinstructions from the 43201 and 
routes them to one of the two independent subpro- 
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Figure 18. 43202 Block Diagram 
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cessors that comprise it: the Data Manipulation Unit 
(DMU) and the Reference Generation Unit (RGU). 

While the EU executes most microinstructions in 
one clock cycle, each of the subprocessors has an 
associated sequencer that may run for many cycles 
in response to certain microinstructions. These se- 
quencers are invoked, for example, for floating oper- 
ations in the DMU and Processor Packet bus trans- 
actions in the RGU. 

The DMU contains the registers and arithmetic logic 
to perform the following functions: 

, • Hardware recognition of nine data types 

• 16- and 32-bit multiply, divide, and remainder 
through a built-in state machine 

• Control functions for 32-, 64-, and 80-bit float- 
ing point arithmetic. 

The RGU performs the following functions: 

• Translates 40-bit virtual addresses into 24-bit 
physical addresses 

• Enforces the capability-based protection sys- 
tem 

• Sequences 8-, 1 6-, 32-, 64-, and 80-bit memo- 
ry accesses 

• Controls on-chip top-of-stack register 



When a reference to a given memory segment has 
been translated from its logical representation to a 
physical address, a cache in the RGU maintains the 
physical base address as well as the length of the 
segment. Further references to the same segment 
reuse this information for additional address transla- 
tions. A least-recently-used algorithm is implement- 
ed in hardware to determine which segment base- 
length pair to replace when a new segment is refer- 
enced, To further increase performance, the top 16- 
bit element in the operand stack is cached in the 
DMU. 

In enforcing capability-based addressing, every 
memory reference is checked by the RGU to see if it 
is within the length of its segment, and the type of 
access (read, write, etc.) is verified to make certain 
that the object has the proper rights to perform the 
operation. 

The iAPX 43201 and iAPX 43202 components to- 
gether form a GDP. Figure 19 shows a logical repre- 
sentation with both units interfacing to the Processor 
Packet bus as a single processor. Figure 20, in turn, 
shows the physical layout. 
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Figure 19. GDP Block Diagram 
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Figure 20. GDP Interconnect 



PROCESSOR PACKET 
BUS DEFINITION 

Processors sharing the same memory must contend 
for access to that memory over one or more system 
buses. Therefore, efficient bus utilization is essential 
in a multiprocessing system. A simple and efficient 
approach to building a 432 interconnect system is to 
use the iAPX 43204 Bus Interface Unit; the VLSI 
component provides the necessary circuitry to inter- 
connect 432 processors with from one to eight 
memory buses. Some system designers, however, 
may prefer to take other approaches to the intercon- 
nect design to optimize the cost/performance ratio 
of the hardware for their specific application. With 
that requirement in mind, Intel formulated an iAPX 
432 packet bus protocol which supports a wide 
range of system bus architectures. 

To reduce bus occupancy and increase the perform- 
ance range of 432 systems, the packet bus protocol 
separates processor requests and replies into sepa- 
rate packets. A processor can issue a request pack- 
et and leave the system bus free until the reply pack- 
et is returned from memory. 



As a second method of maximizing the efficiency of 
bus utilization, the packet bus protocol allows varai- 
ble length packets of data. If a processor wishes to 
read a 64-bit operand, it can be done with a single 
request and reply packet. Thus, fewer individual 
storage requests are required to process long oper- 
ands. This aspect of the protocol enables proces- 
sors to interface easily to 16-bit, 32-bit, or even 64- 
bit system buses. 

This section describes the 19 signal lines that com- 
pose the Processor Packet bus and their timing rela- 
tionships. While this section defines all valid bus ac- 
tivities, the processors do not necessarily perform all 
allowed activities; nevertheless, slaves to the Proc- 
essor Packet bus must support all state transitions 
to ensure compatibility (see Figure 21). 

The Processor Packet bus consists of three control 
lines: 

• PRQ (Processor Packet bus request) 

• Bout (Enable Buffers for Output) 

• ICS (interconnect Status) 
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* Note that the broken transitions in the GDP state diagram are 
not generated by the GDP component pair. 
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Figure 21. Processor Packet Bus State Diagram 



5-38 



171873-002 



inteT 



IAPX 43201/iAPX 43202 



PRQ has two functions whose use depends upon 
the application; for example, PRQ either indicates 
the first cycle of a transaction on the bus or the can- 
cellation of a transaction initiated during the previous 
cycle. Of the three control lines, Bout nas the sim- 
plest function, serving as a direction control for buff- 
ers in larger systems which require more electrical 
drive than the processor components can provide. 
The ICS signal has three different interpretations de- 
pending on the state of the Processor Packet bus 
transaction. It may indicate whether or not: 

• An interprocessor communication (IPC) is wait- 
ing, 

• A slave requires more time to service the proc- 
essor's request, or 

• A bus error has occurred. 

The bus also includes 16 three-state Address/Con- 
trol/Data lines (ACD15-ACD0). These lines emit in- 
formation to specify the type of cycle being initiated; 
transmit addresses, data to be written, and control 
information; and during a read operation, receive 
data returned to the processor. Details of the ACD 
operation are summarized below. 

Address/Control/Data Lines 

In the first cycle (T1 or Tvo) of a Processor Packet 
bus transaction (indicated by the rising edge of 
PRQ), the eight high-order ACD bits (ACD 15 - 
ACDe)specify the type of the current transaction. In 
this first cycle, the low-order ACD bits (ACD7- ACD 0 ) 
contain the least significant eight bits of the 24-bit 
address. 



During the next cycle (T2), the remainder of the ad- 
dress is presented on the ACD pins, aligned so that 
the most significant byte of the address is on 
ACD-15-ACD8 while the mid-significant byte is on 
ACD7-ACD0. If PRQ is asserted during T2, the ac- 
cess is cancelled and the ACD lines are not defined. 

During the third bus cycle (T3 or Tw) of a Processor 
Packet bus transaction, the processor presents a 
high impedance to the ACD lines for read transac- 
tions and asserts data for write transactions. 

Once the bus has entered T3 or Tv, the sequence of 
state transactions depends on the type of cycle re- 
quested during the preceding T1 or Tvo. Accesses 
ranging in length from 1 to 10 bytes may be request- 
ed (see Table 8). If a transfer of more than one dou- 
ble byte has been requested, T3 must be entered for 
every double byte that is transferred. ICS dictates 
whether the processor simply enters T3 or first en- 
ters Tw to wait. 

After all data is transferred, the processor enters ei- 
ther Tv or Tvo. Tvo can be entered only when the 
processor is prepared to accomplish an immediate 
write transfer (overlapped access). During Tvo, the 
ACD lines contain address and specification infor- 
mation aligned in the same fashion as T1. If the 
processor does not require an overlapped access, 
the bus state move to Tv (the ACD lines will be high 
impedance). After Tv, a new bus cycle can be initiat- 
ed with T1 , or the processor may enter the idle state 
(Ti). 



Table 8. ACD Specification Encoding 
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Interconnect Status (ICS) 

As discussed earlier, ICS has three possible inter- 
pretations depending on the current state of the bus 
transaction (see Table 9). Even so, under most con- 
ditions ICS indicates whether or not an IPC is pend- 
ing; a valid low during any of these cycles with IPC 
significance signal the processor that an IPC has 
been received. While an iAPX 432 processor is only 
required to record and service one IPC or reconfigu- 
ration request at a time, logic in the interconnect 
system must record and sequence multiple (and 
possibly simultaneous) IPC occurrences and recon- 
figuration requests. Thus, the logic that implements 
ICS must accommodate global and local IPC arrivals 
and requests for reconfiguration as individual 
events: 

Table 9. ICS Interpretation 
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Significance 


Level 
High Low 


Ti, T1.T2 


IPC 


No IPC 
Waiting 


IPC 
Waiting 


T3,Tw 


Stretch 


Don't 
Stretch 


Stretch 


TV, Tvo 


Err 


Bus Error 


No Error 



1 . Assert IPC significance on ICS for the arrival of an 
IPC or reconfiguration request. 

2. When the iAPX 432 processor reads interconnect 
address register 2, it will respond to one of the 
status bits for the IPC or reconfiguration request sig- 
nalled on ICS in the following order: 

BIT 2 (1 = reconfigure, 0 = do not reconfigure) 

BIT 1 (1 = global IPC pending, 0=no global IPC) 

BIT 0 (1 = local IPC pending, 0 = no local IPC) 

3. The logic in the interconnect system must clear 
the highest order status bit that was serviced by the 
iAPX 432 processor, and if an additional IPC mes- 
sage has arrived, the interconnect logic must signal 
an additional IPC to the processor by setting ICS 
high for at least one cycle and then setting ICS low 
for at least one cycle, while ICS has IPC signifi- 
cance. 



Processor Packet Bus Request (PRQ) 

PRQ is normally low and goes high only during T1 , 
T2, and Tvo. High levels during Tvo and T1 indicate 
the first cycle of an access. A high level during T2 
indicates that the current cycle is to be cancelled. 
See Table 10. 

Table 10. PRQ Interpretation 



State 


PRQ 


Condition 


Ti 


0 


Always 


T1 


1 


Initiate access 


T2 


0 


Continue access 




1 


Cancel access 


T3 


0 


Always 


Tw 


0 


Always 


Tv 


0 


Always 


Tvo 


1 


Initiate overlapped access 



Enable Buffers for Output (Bout) 

Bout is provided to control external buffers when 
they are present. Table 1 1 and Figures 22 through 
27 show its state under various conditions. 



Processor Packet Bus Timing 

Each timing diagram shown on the following pages 
illustrates the timing relationships on the Processor 
Packet bus during various types of transactions. This 
approach to transfer timing allows maximum time for 
the transfer to occur and yet guarantees hold time. 

Any agent connected to the Processor Packet bus is 
recognized as either a processor (a GDP or IP) or a 
slave (e.g., the memory subsystem). 

In all transfers between a processor and a slave, the 
data to be driven is clocked for three-quarters of a 
cycle before it is sampled. This allows adequate time 
for the transfer and ensures sufficient hold time after 
sampling. The Bout timing is unique because Bout 
functions as a direction control for external buffers. 

Detailed set-up and hold times can be found in the 
AC Characteristics section. 



Table 1 1 . Bout Interpretation 







Low-to-High 


High-to-Low 


High-to-Low 


B OUT 


Always High 


Transition 


Transition 


Transition 






or Low 


or Low 


or High 


Write 


T1,T2,T3,Tw,Tvo 


Ti 


None 


Tv 


Read 


T1,T2 


Ti, Tv 


T3, Tw 


None 
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NOMINAL WRITE CYCLE 




ACD15 . ACD0 ............. 



{ ADPR/*PEc"V{ ADDR }^ WRITE DATA } »———— ......... APDR/SPEC AODR - 

/ \ / v 



ICS IPC 



IPC 7 STRETCH 



XZ 



"\ r 



ACD 15 ACD 8 


ACD7ACD0 


State 


Hi-Z 


Hi-Z 


Ti 


Spec 


Lo-adr 


T1 


Hi-adr 


Mid-adr 


T2 


Hi-data 1* 


Lc~data1 


T3 


Hi-Z 


Hi-Z 


Tv 


Hi-Z 


Hi-Z 


Ti 


Spec 


Lo-adr 


T1 


Hi-adr 


Mid-adr 


T2 



•Undefined if single byte write 



Figure 22. Nominal Write Cycle Timing 




MINIMUM WRITE CYCLE 



3 CLKA CYCLES 



Ti 


Ta 


T 3 


Tvo 


T 2 


T3 



























ACD 15 ...ACD 0 



APDR/SPEC AODR WRITE DATA )( APDR/SPEC ) f" 



j — V 



y~ — v 



x 



XZHZXZEEXZ 



BOUT 
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ACD 15 ACD 8 


ACD7ACD0 


State 


Hi-Z 


Hi-Z 


Tv** 


Spec 


Lo-adr 


T1 


Hi-adr 


Mid-adr 


T2 


HkJatal* 


Lo-data1 


T3 


Spec 


Lo-adr 


Tvo 


Hi-adr 


Mid-adr 


T2 


Hi-data1 


Lo-data1 


T3 



* Undefined if single byte write 
** (Preceded by read cycle) 



Figure 23. Minimum Write Cycle Timing 
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ACDis...Acoo 



----- < 



ADDR/SPEC ¥ ADD* X WRITE OAT A 



y WRITE DATA ) f 



>- 



7 V 



ICS IPC 



X 



IPC STRETCH \ STRETCH / STRETCH \ ERR 



ACD 16 ACD S 


ACD7ACD0 


State 


Hi-Z 


Hi-Z 


Ti 


Spec 


Lo-adr 


T1 


Hi-adr 


Mid-adr 


T2 


Hi-data1 


Lo-data1 


T3 


Hi-data2 


Lo-data2 


Tw 


Hi-data2 


Lo-data2 


T3 


Hi-Z 


Hi-Z 


Tv 


Hi-Z 


Hi-Z 


Ti 



Figure 24. Stretched Write Cycle Timing 



MINIMUM READ CYCLE 



SCLKA CYCLES 



Ti 


T 2 


Ta 


Tv 


Ti 


Ti 














1 













ACD1S...ACD0 — — ... 



r — V 



ICS IPC 




ACD 15 ACD 8 


ACD7ACD0 


State 


Hi-Z 


Hi-Z 


Ti 


Spec 


Lo-adr 


T1 


Hi-adr 


Mid-adr 


T2 


Hi-data* 


Lo-data1 


T3 


Hi-Z 


Hi-Z 


Tv 


Hi-Z 


Hi-Z 


Ti 


Spec 


Lo-adr 


T1 



•Undefined if single byte read 



Figure 25. Minimum Read Cycle Timing 
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MINIMUM READ CYCLE (BUFFERED SYSTEM) 



6 CLKA CYCLES 



Ti 


T 2 


Tw 


T 3 


Tv 


T. 



























ACDis-ACDo 



^ 



> <: 



y 



J V 



'XZI3EZX 



s 



X 



xz 



X 



ACD15 ACDg 


ACD7ACD0 


Stat* 


Hi-Z 


Hi-Z 


Ti 


Spec 


Lo-adr 


T1 


Hi-adr 


Mtd-adr 


T2 


Hi-Z 


Hi-Z 


Tw 


Hi-data1* 


Lo-datal 


T3 


Hi-Z 


Hi-Z 


Tv 


Hi-Z 


Hi-Z 


Ti 



•Undefined if single byte read 



Figure 26. Stretched Read Cycle Timing 



2 CLKA CYCLES 



T 




T 2 


Ti 


T 2 


T3 


Tv 


T. 





























ACD 15 
ACDq — 



X 



X 



WRITE DATA 



>- 



X 









k SIGNIFICANCE A 


IPC 


x *™™ x 


: ***** x 


IPC 




IGNORE 
COMPLETELY | 



xz 



ACD 1s ACDs 


ACD7ACD0 


State 


Hi-Z 


Hi-Z 


Ti 


Spec 


Lo-adr 


T1 


Undefined 


Undefined 


T2** 


Spec 


Lo-adr 


Tt 


Hi-adr 


Mid-adr 


T2 


Hi-data* 


Lo-data 


T3 


Hi-Z 


Hi-Z 


Tv 


Hi-Z 


Hi-Z 


Ti 



•Undefined if single byte write 
** Access Cancelled 

tNew Access Started (Slave must support this subsequent 
access even though all processors may not implement it.) 



Figure 27. Minimum Faulted Access Cycle 
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Package 

The iAPX 43201 and iAPX 43202 are both packaged in a 68-pin, leadiess JEDEC type A hermetic chip carrier. 
Figure 28 illustrates the package, and Figures 1 and 2 show the pinouts. 



.050 
(1.27) 



UJJUULJUUUUUUUUUUULn 



.800 
(20.32) 



.039 
(0.99) 



innnnnnnnnnnnnnnrtz 



.960 
"(24.38) 



.960 
(24.38) 



- PIN NO. 1 MARK 



.094 

"(2.39) 



.066 
"(1.68) 



.130 
(3.30) 



Figure 28. JEDEC Type A Package 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature - 65 C C to + 1 50°C 

Voltage on Any Pin with 

Respect to Ground - 1 to + 7V 

Power Dissipation 2.5W 



* Notice: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicat- 
ed in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



DC ELECTRH 


DAL CHARACTERISTICS (Vss = ov, Vcc = 5V ± 10%) 


Symbol 


Parameter 


Mln 


Max 


Units 


V|LC 


Input Low Voltage Clocks 


-0.3 


+ 0.5 


V 


V|HC* 


Input High Voltage Clocks 


3.5 


Vcc+0.5 


V 


V|LI 


Input Low Voltage Intra-GDP Bus 


-0.3 


0.7 


V 


V|HI 


Input High Voltage Intra-GDP Bus 


3.0 


Vcc + 0.5 


V 


V|L 


Input Low Voltage 


-0.3 


0.8 


V 


V| H 


Input High Voltage 


2.0 


Vcc+0.5 


V 


V 0 LI 


Output Low Voltage Intra-GDP Bus 
(Ioli = 0-1 rnA) 




0.35 


V 


VOHI 


Output High Voltage Intra-GDP Bus 
(Iohi = 0.1 mA) 


3.25 


v C c 


V 


Vol 


Output Low Voltage 
(Iql** = 2.0 mA) 




0.45 


V 


V 0 H 


Output High Voltage 
OOH = "400 jutA: 43201 
-800 /xA: 43202) 


2.4 


v C c 


V 


•cc 


Power Supply Current 
(sum of all V<x P«ns) 




500 


mA 


lui 


Input Leakage Current 




±10 


/mA 


Oli 


Output Leakage Current 




±10 


jLlA 



*For op eration at 5 MHz or sl ower, th e GDP may be operated with V| H c minimum of 2.7V. 
**I 0 L for HERE = 0.4 mA; for FSTAL = 4 mA 
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1APX 43201 AC CHARACTERISTICS (V cc = 5V ± 10%, T A - O'Cto 7(TC) 



Symbol 


Description 


5 MHz 


7 MHz 


8 MHz 


Units 


Mm 


Max 


Min 


Max 


Min 


Max 


tCY 


Clock Cycle Time 


200 


500 


143 


500 


125 


500 


ns 


tntf 


Clock Rise and Fall Times 


0 


10 


0 


10 


0 


10 


ns 


t1,t2, 

If 


Clock Edge Delay Times 


45 


250 


32 


250 


26 


250 


ns 


l UU 


Inout Sianal to Clock Setuo 


5 




5 




5 




ns 


*DH 


Clock to Input Signal Hold Time 


35 




30 




25 




ns 


tCD 


Clock to Output Signal Delay Time 




85 




65 




55 


ns 


tOH 


Clock to Output Signal Hold Time 


20 




17 




15 




ns 


Tie 


Input Enable, Time 


10 




10 




10 




tCY 


tsi 


Input Signal to Init Setup Time 


10 




10 




10 




ns 


tis 


Init to Input Signal Hold Time , 


20 




17 




15 




ns 



The above specifications are subject to the following definitions and test conditions: 

1. Note that tcy=t1 + t2 + t3 + t4 + 2*t r + 2*t f . ' 

2. Pins under consideration were subjected to the following purely capacitive loading: 

C1 = 25pF on HERR 

C1 = 50pF on u!15. . .uMO, IS6. . .ISO 

C1 = 70pF on all remaining pins. 

3. All timings are measured with respect to the switching level of 1.5 Volts. The switching point of CLKa and 
CLKb is referenced to the 1.8 Volt Level. 

4. CLKa and CLKb must be continuously applied for the 43201 to retain its state. 



APX 432I 


32 AC CHARACTERISTICS (V C c = 5V ± 10%, T A = o°c to 70° C) 


Symbol 


Description 


5 MHz 


7 MHz 


8 MHz 


Units 


Min 


Max 


Min 


Max 


Min 


Max 


tCY 


Clock Cycle Time 
(tcY=ti+t2 + t 3 + t 4 + 2t r +2tf) 


200 


500 


143 


500 


125 


500 


ns 


tr.tf 


Clock Rise and Fall Times 


0 


10 


0 


10 


0 


10 


ns 


t1,t2, 
t3, t4 


Clock Pulse Widths 


45 


250 


32 


250 


26 


250 


ns 


tDC 


Signal to Clock Setup Time 


5 




5 




5 




ns 


tDH 


Clock to Signal Hold Time 


35 




30 




25 




ns 


tCD 


Clock to Signal Delay Time 




85 




65 




55 


ns 


k)H 


Clock to Signal Output Time 


20 




17 




15 




ns 


tDF 


Clock to Signal Data Float Time 




75 




75 




55 


ns 
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The timing characteristics given below assume the following loading on ouput pins. Loading is given in terms of 
a fixed capacitance plus a DC current load. 

Pins Loading 

HERR 90 pF lol = 8 mA M Open Drain 

Bqut 70 pF lol = 8 mA., loh = 800 /xA 

PRO 70 pF lol = 4 mA., loh = 800 jmA 

IS 6 . . .IS 0 50 pF MOS only 

ACDi 5 . . .ACDo 70 pF lol = 4 mA., loh = 800 /xA 

All output delays are measured with respect to the falling edge of CLKa except for Bout- Bout output delays 
are measured with respect to the rising edge of CLKa- 

All timings are measured with respect to the switching level of 1.5 Volts. The switching point of CLKa and 
CLKb is referenced to the 1 .8V level. 



The 43202 is not capable of DC operation. For continuous data and logic state retention the CLKa and CLKb 
signals must be present. 

iAPX 43201/43202 Capacitance 



Symbol 


Parameter 


Typical 


Unit 


C IN 


Input Capacitance 


6 


PF 


Gout 


~ Output Capacitance 


12 




Conditions: fc = 1 MHz, V| N = 0V, V C c = 5V, T A = 25°C 






Outputs in High Impedance State 







WAVEFORMS: 




.43201 Clock Input Specification 



ACD15...ACD0 INVALID 
(FROM MEMORY) 



IS 6 - ISp 




CLR. ALARM 

ICS INVALID 



ul15 ..ulO 
(HARDWARE ERROR 
DETECTION) 



pata ) |C 



tOC tQH 



















INVALID 


J" 


DATA 


Hh INVALID 






tco 1 
















tcol 







43201 Output Timing Specification 



CLKB J ^ 




ACD15...ACD0 W 
(FROM 43202), INVALID X 

PRQ A 


oataY invalid 


toe 


tDH 

171873-47 



iAPX 43201 Input Timing (CLK A ) 



iAPX 43201 Input Timing (CLKb) 
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WAVEFORMS (Continued): 



DISAGREEMENT 



M I15- M I0 



X 



- tQH 



43201 Hardware Error Detection Timing 




43201 Initialization Timing 




X-4 

— H H— toe — *• 



M I15... M I0 



XnC ROM Y pC ROM Y 
PATAO A PAT A 1 A 



43201 Microcode Interrogate Timing 
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WAVEFORMS (Continued): 




43202 Clock Input Specification 



ALL OUTPUT PINS 
EXCEPT BOUT 



3S J ATE 

OR 
PREVIOUS 
PATA 



CO. *EN~ 



X 



— l-*-t C o — *• 



VALID 
DATA 



r 



|-* — *OH. tDF 



43202 Output Timing Specification 



ACD15...ACO0 
(READ TIMING) 




HARDWARE ERROR DETECTION 
INPUT TIMING AND INPUT TIMING 
FOR ALL INPUTS EXCEPT ACD 15 ...ACD 0 



43202 Input Timing Specification 
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iAPX 432. General Data Processor Operator Set Summary 



Character Operators 


Short-Integer Operators 


Integer Operators 


Move Character 


Move Short Integer 


Move Integer 1 


Zero Character 


Zero Short Integer 


Zero Integer 


One Character 7 


One Short Integer 


One Integer 


Save Character 


Save Short Integer 


Save Integer 


AND Character 


Add Short Integer 


Add Integer 


OR Character 


Subtract Short Integer 


Subtract Integer 


XOR Character 


Increment Short Integer 


Increment Integer 


XNOR Character 


Decrement Short Integer 


Decrement Integer 


Complement Character 


Negate Short Integer 


Negate Integer 




Multiply Short Integer 


Multiply Integer 


Add Character 


Divide Short Integer 


Divide Integer 


Subtract Character 


Remainder Short Integer 


Remainder Integer 


Increment Character 






Decrement Character 


Equal Short Integer 


Equal Integer 




Not Equal Short Integer 


Not Equal Integer 


Equal Character 


Equal Zero Short Integer 


Equal Zero Integer 


Not Equal Character 


Not Equal Zero Short Integer 


Not Equal Zero Integer 


Equal Zero Character 




Less Than Integer 


Not Equal Zero Character 


Less Than Short Integer 


Less Than or Equal Integer 


Less Than Character 


Less Than or Equal Short Integer 


Positive Integer 


Less Than or Equal Character 


Positive Short Integer 


Negative Integer 


Convert Character to Short Ordinal 


Negative Short Integer 


Move in Range Integer 




Move in Range Short Integer 


Convert Integer to Short Integer 




Convert Short Integer to Integer 


Convert Integer to Ordinal 






Convert Integer to Temporary Real 






Convert Integer to Ch< racter 






" Convert Integer to Short Ordinal 


Short-Ordinal Operators 


Ordinal Operators 


Short-Real Operators 


Move Short Ordinal 


Move Ordinal 


Move Short Real 


Zero Short Ordinal 


Zero Ordinal , 


Zero Short Real 


One Short Ordinal 


One Ordinal 


Save Short Real 


Save Short Ordinal 


Save Ordinal 






Add Short Real— Short Real 


AND Short Ordinal 


AND Ordinal 


Add Short Real— Temporary Real 


OR Short Ordinal 


OR Ordinal 


Add Temporary Real— Short Real 


XOR Short Ordinal 


XOR Ordinal 


Subtract Short Real— Short Real 


XNOR Short Ordinal 


XNOR Ordinal 


Subtract Short Real — Temporary Real 


Complement Short Ordinal 


Complement Ordinal 


Subtract Temporary Real— Short Real 




Extract Ordinal 


Multiply Short Real— Short Real 


Extract Short Ordinal 


Multiply Short Real — Temporary Real 


Insert Short Ordinal 


Insert Ordinal 


Multiply Temporary Real— Short Real 


Significant Bit Short Ordinal 


Significant Bit Ordinal 


Divide Short Real— Short Real 




Add Ordinal 


Divide Short Real— Temporary Real 


Add Short Ordinal 


Divide Temporary Real— Short Real 


Subtract Short Ordinal 


Subtract Ordinal 


Negate Short Real 


Increment Short Ordinal 


Increment Ordinal 


Absolute Value Short Real 


Decrement Short Ordinal 


Decrement Ordinal 




Multiply Short Ordinal 


Multiply Ordinal 




Divide Short Ordinal 


Divide Ordinal 




Remainder Short Ordinal 


Remainder Ordinal 






Index Ordinal 




Equal Short Ordinal 


Equal Ordinal 




Not Equal Short Ordinal 


Not Equal Ordinal 




Equal Zero Short Ordinal 


Equal Zero Ordinal 




Not Equal Zero Short Ord^/! 


Not Equal Zero Ordinal 




Greater Than Short Ordinal 


Less Than Ordinal 




Greater Than or Equal Short Ordinal 


Less Than or Equal Ordinal 




Convert Short Ordinal to Integer 


Convert Ordinal to Integer 






Convert Ordinal to Temporary Real 
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IAPX 432. General Data Processor Operator Set Summary (Continued) 



Short-Real Operators 


Real Operators 


Temporary-Real Operators 


Equal Short Real 


Move Real 


Move Temporary Real 


Equal Zero Short Real 


Zero Real 


Zero Temporary Real 


Less Than Short Real 


Save Real 


Save Temporary Real 


Less Than or Equal Short Real 






Positive Short Real 


Add Real— Real 


Add Temporary Real 


Negative Short Real 


Add Real— Temporary Real 


Subtract Temporary Real 




Add Temporary Real— Real 


Multiply Temporary Real 


Convert Short Real to Temporary Real 


Subtract Real — Real 


Divide Temporary Real 




Subtract Real— Temporary Real 


Remainder Temporary Real 




Subtract Temporary Real— Real 


Negate Temporary Real 




Multiply Real— Real 


Square Root Temporary Real 




Multiply Real — Temporary Real 


Absolute Value Temporary Real 




Multiply Temporary Real— Real 






Divide Real— Real 


Equal Temporary Real 




Divide Real — Temporary Real 


Equal Zero Temporary Real 




L/iviuo i ©rnpur ary near— -noai 


or cetici i nan i empur aiy noai 




Negate Real 


Greater Than or Equal Temporary Real 




Absolute Value Real 


Positive Temporary Real 






iNegaxive i emporary neai 




Equal Real 






Equal Zero Real 


Convert Temporary Real to Ordinal 




Less Than Real 


Convert Temporary Real to Integer 




Less Than or Equal Real 


Convert Temporary Real to Short Real 




Positive Real 


Convert Temporary Real to Real 










Convert Real to Temporary Real 




Access Descriptor Movement 


Type and 




Operators 


Rights Manipulation Operators 




Copy Access Descriptor 


Amplify Rights 




Null Access Descriptor 


Restrict Rights 






Retrieve Type Definition 




Refinement Operators 


Object Creation Operators 


Access Path Inspection Operators 


Create Generic Refinement 


Create Object 


Inspect Access Descriptor 


Create Typed Refinement 


Create Typed Object 


Inspect Object 






.Equal Access 






Move to Embedded Data Value 






Move from Embedded Data Value 


Access Interlock Operators 


Branch Operators 


Interconnect Operators 




Drancn 


Move to Interconnect 


Unlock Object 


Branch True 


Move from Interconnect 


Indivisibly Add Short Ordinal 


Branch False 




Indivisibly Add Ordinal 


Branch Indirect 




Indivisibly Insert Short Ordinal 


Branch Intersegment 




Indivisibly Insert Ordinal 


Branch Intersegment without Trace 






Branch Intersegment and Link 






Breakpoint 




Process Communication 


Processor Communication 


Context 


Operators 


Operators 


Operators 


Send 


Read Processor Status and Clock 


Enter Environment 


Receive 


Send to Processor " 


Copy Process Globals 


Conditional Send 




Set Context Mode 


Conditional Receive 




Call 


Surrogate Send 




Call through Domain 


Surrogate Receive 




Return 


Delay Process 




Return and Fault 


Read Process Clock 




Adjust Stack Pointer 


Send Process 




Block Move 


Set Process Mode 
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Additional Information 

More information about the iAPX 432 Micromain- 
frame architecture can be found in the following pub- 
lications: 

• iAPX 432 General Data Processor Architec- 
ture Reference Manual (Order Number 
171860) 

• iAPX 432 Interface Processor Architecture 
Reference Manual (Order Number 171863) 

• iAPX 432 Interconnect Architecture Refer- 
ence Manual (Order Number 172487) 



Information on the electrical characteristics of other 
432 components can be found in the following publi- 
cations: 

• iAPX 43203 Interface Processor Data Sheet 
(Order Number 171874) 

• iAPX 43204/43205 Fault Tolerant Bus Inter- 
face and Memory Control Units (Order Num- 
ber 210963) 

• iAPX 43204/43205 BIU/MCU Electrical 
Specifications (Order Number 172867) 
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FAULT TOLERANT INTERFACE PROCESSOR 



Multiprocessor Architecture Offers 
Fully Independent I/O 

High-Speed Data Channel Buffers 
Burst-Mode Transfers 

Software-Controlled Windows Provide 
Protected Access to 432 Memory 

16-Blt Data Bus Interfaces Easily to 
MULTIBUS® Systems 



Multiple Interface Processors Expand 
I/O Capacity 

Master/Checker Pairs Detect Hardware 
Errors Automatically 

Quad Modular Redundancy Ensures 
Immediate Recovery From Hardware 
Faults 



The Intel 43203 Interface Processor (IP) provides an independent and decentralized I/O channel for iAPX 432 
Micromainframe systems by mapping a portion of a peripheral subsystem's address space onto central system 
memory. The 43203 IP can be used with the other members of the iAPX component family (i.e., the 
43201 /43202 General Data Processor, the 43204 Bus Interface Unit, and the 43205 Memory Control Unit) to 
design a completely fault-tolerant computer system. 

The 43203 is a VLSI device, fabricated with Intel's highly reliable + 5 volt, depletion load, N-channel, silicon 
gate HMOS technology, and is packaged in a 68-pin, leadless JEDEC hermetic chip carrier. Refer to Figure 1 
for the JEDEC chip carrier representation of the 43203 pin configuration. 




NOTE: N.C. pads must not be connected 



£ Is IS <* IS 8 $ 



ssssssss 



PIN NO. 1 MARK 



171874-1 



Figure 1. iAPX 43203 Interface Processor Pin Configuration 



Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product No other circuit patent 
licenses are implied. November 1983 

© Intel Corporation, 1 983. 5-53 Order Number: 1 71 874-002 




iAPX 43203 



Table 1 lists a summary of all signal groups, signal names and their active states, and whether or not they are 
monitored by the Hardware Error Detection circuitry. 



Table 1. Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


Processor Packet Bus Group 


> ACD 16 
ACD 0 


1-8 
60-69 


I/O 


Address/Control/Data Lines: These 16 bidirectional 
signals carry physical memory addresses, control information 
(access length and type), and data to and from the memory 
bus. 

When the IP is in checker mode, the ACD pins are monitored 
by the hardware error detection logic and are in the high 
impedance state. 


PRQ 


57 


0 


Processor Packet Bus Request: is issued to gain access to 
the bus. Normally low, the PRQ pin is brought high during the 
same cycle as the first double-byte of address information 
appears on the ACD pins. PRQ remains high for only one 
cycle during the access, unless an address development 
Taun occurs, in xnai case, me ir leaves rriu nign Tor a 
second cycle to indicate it has detected an addressing or 
segments rights fault in completing the address generation. 

PRQ is checked by the hardware detection logic and remains 
in a high impedance mode when the IP is in checker mode. 


ICS 


56 


I 


Interconnect Status: carries information on errors, data 
synchronization, and interprocessor communication. The 
interpretation of this signal depends on the current cycle of 
the bus transaction. See page 21 for a complete description. 


Bqut 


55 


0 


Enable Buffers for Output: controls the direction of 
external buffers, if any are used. When BOUT is asserted, it 
indicates that the buffers must be directed to carry 
information outbound from the IP. 


System Group 


Vcc 


12, 34, 59 




Power: These three pins supply 5-volt power to the IP, and 
* all must be connected; the pins are not connected together 
within the IP. 


v ss 


9, 48, 68 




Ground: These three pins provide the ground reference for 
the IP, and all must be connected; the pins are not 
connected together within the IP. 


ALARM 


19 


I 


Alarm: monitors the condition of an unusual, system-wide 
condition such as power failure. Alarm is sampled on the 
rising edge Of CLKA. 


FATAL 


16 


0 

I 


Fatal: is asserted by the IP under microcode control when 
the IP is unable to continue due to various error or fault 
conditions. Once FATAL is x asserted, it can only be reset by 
the assertion of INIT. 

When INIT is asserted, the FATAL pin functions as an input. 
During initialization, the IP samples the state of FATAL to 
determine if the 432 system side should be placed in 
MASTER or CHECKER mode. See INIT description. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


System Group (Continued) 


PCLK 


15 


I 


Processor Clock: The assertion of PCLK for one cycle 
causes the system timer within the IP to decrement. Assertion 
of PCLK for two or more cycles causes the system timer to be 
reset. PCLK must remain unasserted for at least 10 clock 
cycles before being asserted again. The IP samples PCLK on 
the rising edge of CLKa- 


Clr 


18 


I 


Clear: Assertion of CLR results in a microprogram trap 
causing the IP to immediately terminate any bus transactions 
or internal operations in progress. The IP resets to a known 
state, asserts FATAL, and awaits an IPC for initialization. The 
IPC is not serviced for at least four clock cycles following the 
assertion of CLR. 

Response to CLR is disabled by the first CLR assertion and is 
reenabled when the IP receives the first IPC (or INIT 
assertion). 

The IP samples CLR on the rising edge of CLKa- 


INIT 


13 


I 


Initialize: Assertion of INIT resets the internal state of the IP 
and starts execution of the initialization microcode. INIT must 
be asserted for a minimum of 8 clock cycles. After the INIT pin 

returns to its nonasserted state, the IP initializes all of its 

internal registers and windows, and waits for a local IPC. INIT 
is sampled on the rising edge of CLK A . 

During INIT assertion, the IP samples the FATAL and HERR 
pins to establish the mode (MASTER or CHECKER) for each 
of the bus interfaces to the IP. See accompanying table. 








Representation of MASTER/CHECKER 
Modes at Initialization 








FATAL 


HERR 


iAPX 432 
Side 


Peripheral 
Subsystem Side 








0 
0 
1 
1 


0 
1 
0 
1 


MASTER 
MASTER 
CHECKER 
CHECKER 


MASTER 
CHECKER 

MASTER 
CHECKER 


HERR 


17 


0 
I 


Hardware Error: This line is used to signal a discrepancy 
between a value internally computed by a checker and that 
output by the master. The sampling for errors occurs at the 
most appropriate time for each of the pins being checked. 

HERR is an open drain output and requires an external pullup 
resistor. Nominally, the output is held low, but released upon 
the detection of a discrepancy. The timing of HERR depends 
on the source of the error. Once HERR is high, it remains high 
until external logic forces it low again. When HERR goes low, 
the present error condition is cleared and HERR is 
immediately capable of detecting and signalling another error. 

When INIT is asserted, the HERR pins becomes an input. 
During initialization, the IP samples HERR to establish the 
mode (MASTER or CHECKER) of the bus interface to the 
peripheral subsystem. See the discussion of INIT. 



\ 
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Table 1 . Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


System Group (Continued) 


CLK A 


11 


I 


Clock A: is a square-wave clock which must operate 
continuously to preserve the operating state of the IP. 


clk b 


10 


I 


Clock B: is a square-wave clock which operates at the same 
frequency as CLKa, but lags it by 90 degrees. CLKb must 
operate continuously to preserve the operating state of the IP. 


Peripheral Subsystem Bus Group 


AD 15 . 
AD 0 


26-42 


I/O 


Address/Data: These pins constitute a multiplexed address 
and data input/output bus. When the Attached Processor bus 
is idle or during the first part of an access, these pins normally 
view the bus as an address. The address is checked 
asynchronously to see if it matches any one of the five window 
address ranges. The address is latched on the falling edge of 
ALE, thereby maintaining the state of match or no match for the 
remainder of the access cycle. The addresses are unlatched on 
the falling edge of OE. 

Once SYNC has pulsed high, the AD15-AD0 pins become data 
input and output pins. When WR is high (read mode) and OE is 
asserted, data is accessed in the jPand the output buffers are 
enabled onto the AD pins. When WR is low (write mode), data 
is sampled by the IP after the rising edge of SYNC and while 
CLKais high. 

The address is always a 16-bit unsigned number. Data may be 
either 8 or 1 6 bits as defined by BHEN and AD 0 . The 8-bit data 
may be transferred on either the high (AD-is-ADe) or the low 
(AD0-AD7) byte, while the opposite byte is tristated. 

During the clock in which write data is sampled, data must be 
set up before the rising edge of CLKa and must be held until 
the falling edge of that clock cycle. Read data is driven out from 
a CLKa high and should be sampled on the next rising edge of 
CLK A . 

Hardware error detection is not done synchronously to CLKa; 
rather, it is sampled on the falling edge of OE. The internal AD 
pin hardware error detection signal is then clocked and output 
as HERR. Even at this point, it may not be synchronous with 
CLKA and so should be externally synchronized. 


BHEN 


23 


I 


Byte High Enable: This pin, together with AD 0 , determines 
whether 8 or 1 6 bits are to be accessed, and if it is 8 bits, 
whether it is to be accessed on the upper or lower byte 
position. BHEN is latched by the falling edge of ALE and 
unlatched by the falling edge of OE. See accompanying table 
for decoding. 








Bus Data Controls 








BHEN 


AD 0 


Description 








0 
0 
1 
1 


0 
1 
0 

1 


1 6-bit access 

8 bits on upper byte, lower byte tristated 
8 bits on lower byte, upper byte tristated 
8 bits on lower byte, upper byte tristated 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


Peripheral Subsystem Bus Group (Continued) 


55 


20 


I 


Chip Select: specifies that this IP is selected and that a read or write 
cycle is requested. CS is latched by the falling edge of ALE and 
unlatched by the falling edge of OE. 


WR 


21 




Write: specifies whether the access is to be a read or a write. WR is 
asserted high for a read and low for a write. The pin is latched by the 
falling edge of ALE and unlatched by the falling edge of OE. 


PS Timing Group 


ALE 


45 


I 


Address Latch Enable: The rising edge of ALE sets a flip-flop that 
enables XACK to become active. The falling edge of ALE latches the 
address on the AD 15 -AD 0 pins and latches WR, BHEN, and 5§. 


OE 


46 


I 


Data Output Enable: During a read cycle OE enables read data on the 
AD^-ADo pins when it is asserted. The falling edge of OE signifies the 
end of an access cycle (for either a read or a write) by: 

1 . Resetting the XACK enable flip-flop, thereby terminating XACK. 

2. Terminating DEN (if a read cycle). 

3. Opening address latches WR, BHEN, and CS. 


SYNC 


53 


I 


Synchronized Qualifier Signal: A rising edge on this signal must be 
synchronized to the IP CLKa falling edge. SYNC qualifies the address, 
BHEN, CS, and WR, indicating a valid condition. SYNC also initiates any 
internal IP action to process an access. 

In a read access, SYNC starts the request for data to the IP, and in a 
write access, data is expected one or two CLKa cycles after SYNC 
pulses high. At initialization time, IP microcode sets the write sample 
delay to the slowest operation, two CLKa cycles after SYNC, but this 
can be changed to one clock cycle by making a function request to the 
IP to change the write sample delay. 

When the hold/hold-acknowledge mechanism of the IP is used, and 
once HDA has pulsed high, a SYNC pulse is required to qualify the hold 
acknowledge, since the HDA pin can be asynchronous. 


PS Synchronization Group 


XACK 


49 


0 


Transfer Acknowledge: This signal is used to acknowledge that a data 
transfer has taken place. 

For random or local accesses, XACK indicates that a transfer to or from 
432 system memory has been completed. 

For buffered accesses where the XACK-Delay is not in the advanced 
mode, XACK signifies that the transfer from/to the prefetch/postwrite 
buffer in the IP has been completed. 

For buffered accesses which use advanced acknowledge mode 
(XD=0) the formation of an advanced XACK signal is requested. This 
enables the IP to interface with a peripheral subsystem without wait 
states. The acknowledge will be advanced if the access is a read 
operation and the buffer contains the required data, or the access is a 
write operation and the buffer contains sufficient space to accept the 
write data. Of course, the access must also be valid. 
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Table 1. Pin Description (Continued) 



Symbol 



Pin No. 



Type 



Name and Function 



PS Synchronization Group (Continued) 



If XACK is preceded by a low pulse on NAK, then XACK signifies that 
the access encountered a fault. If the access was a random access, 
other than window 4, the window is placed in a faulted state and any 
further attempts to access the window are ignored by the IP. 

If th e IP is programmed to be in advanced acknowledge mode (XD=0) 
and XACK i s not re turned before the peripheral subsystem issued 
SYNC, then XACK will be postponed until valid data has been 
established on the AD 15 -ADq bus. 



Five conditions affecting XACK behavior are: 

1 . XACK-Delay, user-programmable through an IP function request. 
This parameter establishes the minimum operating XACK-delay with 
respect to the SYNC signal. See accompanying table. 

2. XACK-enable-flip-flop, set by the rising edge of the ALE signal and 
reset by the falling edge of the OE signal. 

3. Internal IP registers. These are used to determine validity of the 
peripheral subsystem access and establish access modes. 

4. Type of access behavior: Random or Buffered, Memory or 
Interconnect. 

5. Bus faults, nonexistent memory, etc. 

Hardware error detection occurs during the first clock of SYNC 
assertion. 



XACK Timing Parameters 



Inhibit 
Mode 



0 
0 
0 
0 

1 
1 

X 



WR 



1 
0 

1 

0 
X 
X 
X 



XD 0 



XACK Formation 



Advanc ed Acknowledge 
(XACK can occur before SYNC). 
Rising edge of SYNC 
Rising edge of SYNC plus 1 Clock 
Rising edge of SYNC plus 1 Clock 
Rising edge of SYNC plus 2 Clocks 
Rising edge of SYNC plus 2 Clocks 
Rising edge of SYNC plus 2 Clocks 
Illegal condition 



Note: X = don't care condition 



NAK 



54 



Negative Acknowledge: This signal precedes XACK b y at le ast one- 
half clock cycle, indicating that a transfer did not occur. NAK pulses low 
for only one clock period. 

When the IP is in physical mode and making an interconnect access, 
negative acknowledge may be used to indicate that the access was 
made to a nonexistent interconnect address. This will allow a 
subsystem processor to determine the system configuration at system 
initialization. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. Type 


Name and Function 


PS Synchronization Group (Continued) 








NAK can also be used to set a status bit and cause a special interrupt to 
transmit the information back to the system. 

NAK is driven synchronously from the falling edge of CLKa- Hardware 
error defection occurs while CLKa is high. 


INH1 


47 


0 


Inhibit: can be used to override other memories in the peripheral 
subsystem whose address space is overlapped by an IP window. INH1 
is asserted asynchronously by nonclocked logic when a valid mappable 
address is detected. 

After initialization, the IP microcode sets the INH1 mode for each 
window by loading registers in the IP for each window. Once the 
subsystem is allowed to make a function request, it can selectively 
enable or disable the inhibit mode on each window. INH1 is gated off by > 
CS. 

The selection of inhibit mode for window 0, when in buffered mode, 
causes a built-in XACK-delay which delays the acknowledge from going 
active until two clock periods after the rising edge of SYNC. This was 
done to facilitate the use of most MULTIBUS systems using INH1 , as 
they require that the acknowledge be delayed. When the Advanced 
XACK mode is programmed, the inhibit mode should not be used on 
window 0 when in buffered mode, since the acknowledge will not be 
effectively delayed. 

Hardware error detection occurs during the first clock of SYNC 
assertion. 


PS Control Group 


DEN 


50 


o 


Data Enable: This signal enables the external data buffers used in 
systems where the address and data are not multiplexed (e.g., a 
MULTIBUS system). DEN assertion begins no sooner than the first 
clock of SYNC assertion while CLKa is high, given that a valid, 
mappable address range has been detected. DEN is terminated either 
with the falling edge of OE or after XACK assertion. 

Hardware error detection occurs during the first clock of SYNC 
assertion. 


HLD 


51 


0 


Hold Request: The hold/hold-acknowledge mechanism is an 
intelocking mechanism between the peripheral subsystem and the IP. 
HLD is used by the IP to gain control of the subsystem bus to ensure 
that no subsystem processors will make an access to the IP while it 
alters internal registers. 

HLD is put out synchronously with the rising edge of CLKa- Hardware 
error detection sampling occurs while CLKa is low. 

In certain systems, it may not be necessary to use the HLD function 
interlocking. In those cases, HDA can be tied high and no SYNC pulse 
will be required for HDA qualification. The hardware detects this 
condition by noting that the HDA pin was high a half-clock before HLD 
requests a hold. In this mode, the HLD output still functions and can be 
monitored if desired. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


PS Control Group (Continued) 


HDA 


52 


I 


Hold Acknowledge: When the IP's request for a hold has been granted 
by the peripheral subsystem, HDA is asserted. The signal need only be 
a high pulse and can be asynchronous to CLK A , but must be followed by 
a SYNC pulse in order to qualify it synchronously. 


INT 


44 


0 


Interrupt: This signal is used to interrupt the Attached Processor to 
request servicing. The output is a pulse two CLK^'s wide, and is driven 
synchronously from the rising edge of CLKa- Hardware error detection 
occurs while CLKa is low. 


PSR 


24 


0 


Peripheral Subsystem Reset: is asserted by the IP under microcode 
control. When asserted, the peripheral subsystem should be reset. 
When used for debugging, it may be desirable to use this pin to set a 
status bit in an external register or perhaps to cause a special interrupt. 
PSR is normally asserted by the IP when the peripheral subsystem is 
believed to be faulty and will not respond to other means of control. 

PSR is issued synchronously with the rising edge of CLKa- Hardware 
error detection sampling occurs while CLKa is low. 



FUNCTIONAL DESCRIPTION 



As its name implies, the 43203 Interface Processor 
is a logical and physical interface which links a pe- 
ripheral subsystem to the iAPX 432 central system. 
(The internal architecture of the IP is illustrated in 
Figure 2.) The peripheral subsystem functions as an 
independent and decentralized I/O channel much in 
the same way as I/O channels in traditional main- 
frames. 



The diagram in Figure 3 represents the IP as a logi- 
cal device and illustrates the signal interface to the 
Processor Packet Bus (left side) and the peripheral 
subsystem (right side). The IP is connected to the 
peripheral subsystem bus so that it occupies a con- 
tiguous range of memory addresses, up to 64k bytes 
in length. A peripheral subsystem reference to one 
of these addresses is a reference to the IP, and 



AC015 ACDO 



PRO. ICS, BOUT - 
HERR * 



DATA 
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(APX 
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CONTROL 
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CONTROL 
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• BEN 

• HID, HDA 

- inhi.WCR.nAT? 

• INT 

- PSR 



Figure 2. iAPX 43203 IP Functional Block Diagram 
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the IP responds to the address like a memory. The 
IP also provides an interrupt request line which is 
routed to its Attached Processor (AP) in the periph- 
eral subsystem. The "other side" of the IP is con- 
nected to the central system in exactly the same 
manner as an iAPX 432 General Data Processor 
(GDP). By means of these connections, the IP links 
the peripheral subsystem physically to the central 
system; at the same time, it is positioned to monitor 
all data flow across the system boundary. 

It is important to recognize that the IP is an inter- 
face mechanism, not an active device in the sense 
of a CPU. The IP does not fetch instructions; in- 
stead, it executes commands issued by AP software. 
Although physically connected only by a bus and in- 
terrupt line, the relationship of the IP and AP is very 
close. Indeed, it is often convenient to think of them 
as constituting a logical I/O processor. 



Peripheral Subsystems 

A computer system based on the iAPX 432 Micro- 
mainframe consists of a 432 central system and one 
or more peripheral subsystems. Figure 4A illustrates 
a hypothetical configuration, which employs two pe- 
ripheral subsystems. The 432 system hardware is 
composed of one or more General Data Processors 
(GDPs), one or more Interface Processors (IPs), and 



a common memory shared by the processors. In 
most 432 systems, including all fault-tolerant sys- 
tems, the processors and memory are interconnect- 
ed through multiple iAPX 43204 Bus Interface Units 
(BlUs) and iAPX 43205 Memory Control Units 
(MCUs). (See Figure 4B.) 

Software in a 432 system can be viewed as a collec- 
tion of one or more processes that execute on the 
GDPs. A fundamental principle of the 432 architec- 
ture is that the 432 environment is self-contained; 
neither processors nor processes have any direct 
contact with the "outside world." In concept, the 
432 system is enclosed by a wall that protects ob- 
jects in memory from possible damage by uncon- 
trolled I/O operations. 

In a 432-based system, the bulk of processing re- 
quired to support input/output operations is delegat- 
ed to peripheral subsystems; this includes device 
control, timing, interrupt handling, and buffering. A 
peripheral subsystem is an autonomous computer 
system with its own memory, I/O devices and con- 
trollers, at least one processor, and software. The 
number of peripheral subsystems employed in any 
given application depends on how l/O-intensive the 
application is: the number may be varied as needs 
change and is independent of the number of GDPs 
in the system. 
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Figure 3. iAPX 43203 IP Logic Symbol 
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Figure 4A. A Logical View of a 432 System and 2 Peripheral Subsystems 
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A peripheral subsystem resembles a conventional 
mainframe channel in that it assumes responsibility 
for low-level I/O device support and executes in par- 
allel with system processors. Unlike a simple chan- 
nel, however, each peripheral subsystem can be 
configured with a complement of hardware and soft- 
ware resources that precisely fits application cost 
and performance requirements. 

The IP is driven by peripheral subsystem software. 
To support the transfer of information through the 
wall that separates a peripheral subsystem from the 
432 central system, the IP provides a set of soft- 
ware-controlled windows. A window is used to ex- 
pose a single object (typed data structure) in 432 
system memory so that its contents may be trans- 
ferred to or from the peripheral subsystem. To pre- 
serve the integrity of the capability-based protection 
mechanisms in the 432 central system, the IP pro- 
vides the peripheral subsystem with windowed ac- 
cess only to the data part of 432 objects. 

In addition, an IP provides a set of functions which 
are also invoked by peripheral subsystem software. 
While their operations vary considerably, these func- 
tions (and the returned results) generally permit ob- 



jects in 432 memory to be manipulated as entities, 
and they enable communication between system 
processes and software executing in a peripheral 
subsystem. 

It is important to note that both the window and func- 
tion facilities utilize and strictly enforce 432 address- 
ing and protection systems. Thus, a window pro- 
vides protected access to an object and a function 
provides a protected method by which peripheral 
subsystem software can interact with the 432 sys- 
tem. 



Basic I/O Model 

As Figure 5 illustrates, input/output operations in a 
432 system are based on the notion of passing mes- 
sages between processes executed Within the 
432's central system and device tasks executed in 
a peripheral subsystem. A device task can be 
thought of as the operation of peripheral subsystem 
hardware and software responsible for managing an 
I/O device. In contrast, the I/O device itself either 
produces or consumes data. For example, an I/O 
device may be a real device (e.g., a terminal), a file, 
or a pseudo-device (e.g., a spooler). 




(0) Process running on GDP needs I/O service. 

(1) Process formulates message describing service, sends it to device tasks. 

(2) Device task receives service order, interprets it. 

(3) Device task transfers data according to service order parameters. 

(4) Device task formulates reply message containing result of transfer operation, sends it back to originating process. 

(5) Originating process receives reply, interprets it, executes accordingly. 



Figure 5. Basic I/O Service Cycle 
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A message sent from a GDP process requesting I/O 
service contains information that describes the re- 
quested operation (e.g., "read file XYZ"). The device 
task interprets the message and carries out the op- 
eration. If an operation generates input data, the de- 
vice task returns the task as a message to the origi- 
nating process. (The device task may also return a 
message to positively acknowledge completion of a 
request.) 

The 432's object-based architecture provides a very 
general and powerful mechanism for passing mes- 
sages between processes. While a given peripheral 
subsystem may or may not have its own message 
facility, there is no requirement that it be inherently 
compatible with the 432. By interposing a peripheral 
subsystem interface through the IP, the standard 
432 interprocess communication system can func- 
tion with any device task (see Figure 6). 



Attached Processor 

Almost any general-purpose processor, such as the 
iAPX 86, iAPX 186, or iAPX 286, can be used as an 
Attached Processor in an iAPX 432 system, and it 
need not be dedicated exclusively to working with 
the Interface Processor. It might, for example, also 
execute device task software or user applications. 
Although multiple IPs can service a single AP for 
increased I/O throughput, only one processor (if a 
peripheral subsystem uses multiple processors) 
should be designated to serve as the AP. Other 
processors (or active agents, such as DMA control- 
lers) may be given access to IP windows, but con- 
trol of the IP should be centralized with the AP. 

As Figure 7 shows, the AP is "attached" to the IP in 
a logical sense only. The physical connections are 
standard bus signals and one interrupt line (which 
would typically be routed to the AP via an interrupt 
controller). 

Continuing the concept of the logical I/O processor, 
the AP fetches instructions, provides the instructions 
needed to alter the flow of execution, and performs 
arithmetic, logic, and data transfer operations within 
the peripheral subsystem. 

The IP completes the logical I/O processor by pro- 
viding data paths between the peripheral subsystem 
and the central 432 system. In effect, the IP also 
extends the AP's instruction set so that software 
running on the logical I/O processor can operate in 
the 432 system. 

As shown in Figure 7, the IP provides both a periph- 
eral subsystem bus interface and a standard 432 
processor packet bus interface. By bridging the two 
buses, the IP provides the hardware link that permits 
data to flow between the 432 central systern and the 



The IP connects to the 432 central system in exactly 
the same way as a 432 GDP. Thus, in addition to 
being able to access 432 system memory, the IP 
supports other 432 hardware-based facilities, includ- 
ing interprocessor communication (IPC), alarm sig- 
naling, and functional redundancy checking. 

On the peripheral subsystem side, the IP provides a 
very general bus interface that can be adapted to 
any standard microprocessor bus, including Intel's 
MULTIBUS and MULTIBUS II architectures, as well 
as the component buses of the MCS-85 and iAPX 
86 families. The IP is connected to the peripheral 
subsystem bus as if it were a memory component; it 
occupies a block of memory addresses up to 64k 
bytes long. Like memory, the IP usually behaves 
passively within the peripheral subsystem and is 
driven by peripheral subsystem memory references 
that fall within its address range. 

While the IP generally responds like a memory com- 
ponent, the IP's interrupt signal notifies its AP that 
an event requiring attention has occurred. Interrupt- 
handling software on the AP then reads the status 
information provided by the IP to determine the na- 
ture of the event. 

To summarize, the Attached Processor and the In- 
terface Processor interact with each other by means 
of address references generated by the AP and in- 
terrupts generated by the IP. Since the IP responds 
to memory references, other active peripheral sub- 
system agents (bus masters), such as DMA control- 
lers, may obtain access to 432 system memory via 
the IP's windows. 



Peripheral Subsystem Interface 

A peripheral subsystem interface is a combination of 
hardware and software that acts as an adaptor, en- 
abling message-based communication between a 
process in the 432 system and a device task in a 
peripheral subsystem. x 

The peripheral subsystem interface is managed by 
software, known generically as the I/O controller. 
The I/O controller executes on the Attached Proces- 
sor and uses the facilities of the AP and IP to control 
the flow of data between the 432 central system and 
the peripheral subsystem. 

The 432 hardware imposes no constraints on the 
structure of the I/O controller. To help simplify the 
organization and modification of software, imple- 
menters may wish to consider arranging it as a col- 
lection of tasks running under the control of a multi- \ 
tasking operating system. Intel's iMAX operating 
system for the 432, for example, provides interfaces* 
to either the iRMX-86 or iRMX-88 operating sys- 
tems. 
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Figure 6. Peripheral Subsystem Interface 
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Figure 7. Peripheral Subsystem Interface Hardware 
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This type of organization supports an asynchronous 
message-based communication facility. Extending 
this approach to the device task results in a consis- 
tent, system-wide communication model. However, 
communication within the I/O controller and be- 
tween the I/O controller and device tasks is com- 
pletely application-defined. It might be implemented 
via synchronous procedure calls with "messages" 
passed in the form of parameters. 

However it is structured, the I/O controller interacts 
with the 432 central system through three major fa- 
cilities provided by the Interface Processor: execu- 
/ tion environments, windows, and functions. 

Execution Environments 

Within the 432 system the Interface Processor pro- 
vides a process addressing environment supporting 
the operation of the I/O controller. This environment 
is embodied as a set of system objects that are 
used and manipulated by the IP. At any time, the I/O 
controller is represented in 432 memory by IP proc- 
ess objects and their associated context objects. 
Like a GDP, the IP is itself represented by a proces- 
sor object. Representing the IP and its controlling 
software in this way creates an execution environ- 
ment analogous to the environment of a process 
running on a GDP. This environment provides a 
standard framework for addressing, protection, and 
communication within the 432 system. 

Like a GDP, an IP supports multiple process environ- 
ments. The I/O controller selects the environment in 
which a function is to be executed. This permits, for 
example, the establishment of separate environ- 
ments corresponding to the individual device tasks 
in the peripheral subsystem. If an error occurs while 
the IP controller is executing a function on behalf of 
one device task of the I/O controller, that error is 
confined to the associated process, and processes 
associated with other device tasks are not affected. 



Windows 

Every transfer of data between the 432 central sys- 
tem and a peripheral subsystem is performed 
through an IP window. A window defines a corre- 
spondence, or mapping, between a subrange of 
consecutive peripheral subsystem memory address- 
es (within the range of addresses occupied by the 
IP) and the data part of an object in 432 system 
memory (see Figure 8). When an agent in the pe- 
ripheral subsystem (e.g., the I/O controller) reads a 
windowed address, it obtains data from the associat- 
ed object; writing into a windowed address transfers 
data from the peripheral subsystem to the windowed 



object. The action of the IP, in mapping the peripher- 
al subsystem address to the system object, is trans- 
parent to the agent making the reference. As far as it 
is aware, it is simply reading or writing memory. 

Since a window is referenced as memory, any indi- 
vidual transfer may be made between an object and 
peripheral subsystem memory, an object and a pe- 
ripheral subsystem register, or an object and an I/O 
device. While the latter might be appealing from the 
standpoint of efficiency, it should be used with cau- 
tion. 

Using a window to connect an I/O device and an 
object in 432 memory directly has the undesirable 
effect of propagating real-time constraints imposed 
by the device beyond the subsystem boundary into, 
the 432 central system and may seriously compli- 
cate error recovery. Then too, there is only a finite 
number of windows and most applications will need 
to manage them as scarce resources not always in- 
stantly available. This means that at least some I/O 
device transfers may need to be buffered in periph- 
eral subsystem memory until a window becomes 
available. It may be simplest to buffer all I/O device 
transfers in memory and use the windows to transfer 
data between the peripheral subsystem memory and 
432 system memory at regular intervals. 

There are four IP windows that can be mapped onto 
four different objects. The I/O controller may alter 
the windows during execution to bbtain access to 
different objects. References to windowed subrang- 
es may be interleaved in time and may be driven by 
different agents in the peripheral subsystem. For ex- 
ample, the AP and a DMA controller may be driving 
transfers concurrently, subject to the same bus arbi- 
tration constraints that would apply if they were ac- 
cessing memory. 



Functions 

A fifth window, the control window, provides the I/O 
controller with access to the Interface Processor's 
function request facility. The I/O controller re- 
quests the execution of an IP function by writing op- 
erands and an opcode into predefined locations in 
the control window's subrange. This procedure is 
very similar to writing commands and data to a mem- 
ory-mapped peripheral controller (e.g., a floppy disk 
controller). Upon completion of the function, the IP 
interrupts the AP and provides status information 
that the IP controller can read through the control 
window. The IP can respond concurrently to transfer 
requests to the other four windows while it is execut- 
ing a function. In addition, data transfers through 
windows 0 through 3 may be interleaved with func- 
tion request sequences through the control window. 
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Figure 8. Interface Processor Window 



The IP's function set permits the I/O controller to: 

• Alter windows 

' • Exchange messages with GDP processes 

• Manipulate objects 

These functions can be viewed as extensions to the 
Attached Processor's instruction set that enable the 
I/O controller to operate in the 432 central system. 



The combination of the IP's function set and win- 
dows, the AP's instruction set, and possibly addition- 
al facilities provided by a peripheral subsystem oper- 
ating system, permits greater flexibility in designing 
I/O systems. By using the more sophisticated IP 
functions, powerful I/O controllers capable of reliev- 
ing the 432 system of much l/O-related processing 
can be built. 



5-67 



171874-002 



inteT 



1APX 43203 



I/O Data Flow Summary 

Figure 9 summarizes the relationship of hardware 
and software components that cooperate to move 
data between an i/O device and 432 system memo- 
ry. Notice how the peripheral subsystem interface 
not only bridges the 432 central system/peripheral 
subsystem boundary, but also hides the characteris- 
tics of one system from the other. As far as a device 
task is concerned, its job is to move data between 
memory and an I/O device; it may be completely 
unaware that it is connected to a 432 system. 

This means that existing device tasks may be uti- 
lized in a 432 system with little or no modification, 
and that programmers working on device tasks need 
not be trained in the operation of the 432. Similarly, 
a GDP process that needs an I/O service need have 
no knowledge of the details and characteristics of 
the target I/O device. As far as it is concerned, it 
"performs" I/O in the same way that it communi- 
cates with a cooperating process— by sending and 
receiving messages through the 432 interprocess 
communication facility. 



Other IP Facilities 

The preceding sections have described the Inter- 
face Processor as it is used most of the time. The IP 
also has two additional capabilities that are used in 
special circumstances: physical reference mode and 
interconnect access. 



Physical Reference Mode 

Normally, an IP operates in logical reference mode 

using capability-based addressing. In other words, it 
utilizes an access descriptor to specify a particular 
432 object rather than a physical location in memo- 
ry. There are times, however, when logical referenc- 
ing is impossible because the objects used by the 
hardware to perform logical-to-physical address 
translation are absent (or, less likely, damaged). In 
these situations, the IP can be used in physical refer- 
ence mode. 

An IP operating in physical reference mode circum- 
vents the protection mechanisms of the 432 system. 
The IP provides a reduced set of functions, and 
makes no distinction between the data part and the 
access part of an object. In physical mode, a window 
maps directly onto a range of contiguous physical 



<#• PERIPHERAL SUBSYSTEM H 



-PERIPHERAL SUBSYSTEM INTERFACE - 



< ^ORT OBJECT ^> 



432 SYSTEM- 
CO 



WO 




MESSAGE 
OR 


DEVICE 




BUFFER 



OBJECT 



DATA 
LOCATION 



CONTROLLING 
SOFTWARE 









COPY DATA | 


| COPY DATA 


| COPY REFERENCE 


COPY REFERENCE 








PS VO SPACE 


| PS MEMORY 




432 SYSTEM MEMORY 



DEVICE TASK 



"SBS I DEVICE CONTROLLER (2) 



IP CONTROLLER 



AP + IP (3) 



GDP PROCESS 



NOTES: (1) ONLY OBJECT REFERENCE IS MOVED TO AND FROM PORT. 

(2) SUPPORTING PROCESSOR IS DEFINED BY APPLICATION; MAY BE 
AP, A SEPARATE PROCESSOR; MAY INCLUDE A DMA CONTROLLER. 

(3) MAY ALSO INCLUDE A DMA CONTROLLER. 



Figure 9. I/O Data Flow Summary 



5-68 



171874-002 



iAPX 43203 



memory addresses (rather than object structures in 
432 system memory). The IP selects a segment by 
specifying a 24-bit physical address when it estab- 
lishes a window, and interprets subsequent sub- 
range references as 16-bit displacements (there is 
no length checking) from the segment's base ad- 
dress. This simple base-plus-displacement address- 
ing is similar to traditional computer addressing tech- 
niques. 

Physical reference mode is used most often during 
system initialization to load images of objects from a 
peripheral subsystem into 432 system memory. 
Once the required objects are available, processors 
can begin normal logical reference mode opera- 
tions. Logical mode cannot be used until the object 
tables required for logical-to-physical address trans- 
lation have been constructed and loaded into 432 
system memory. 



Interconnect Access 

In addition to memory, the iAPX 432 architecture de- 
fines a second, independent address space called 
the processor/memory interconnect address 
space. The interconnect space allows interconnect 
objects containing one or more interconnect regis- 
ters to be maintained. Interconnect registers are 
double-byte quantities aligned on double-byte 
boundaries. With the exception of a few reserved 
addresses, the definition and use of interconnect lo- 
cations is not predefined for the IP. 

The IP (like the GDP) requires two register locations 
in the interconnect space to be defined for any sys- 
tem: 

• The processor ID register (interconnect ad- 
dress 0) 

• The interprocessor communication register 
(interconnect address 2) 

The remainder of the interconnect address space 
may be used to store or acquire other information 
such as configuration parameters, error logs, and 
other application-specific quantities. 

Window 1 is software-switchable between the mem- 
ory and the interconnect spaces. In logical reference 
mode, the interconnect space is addressed in the 
same object-oriented manner as the memory space 
with the IP automatically performing the logical-to- 
physical address translation. 

To access the interconnect space, 4he I/O controller 
must specify an access selector for an interconnect 
object that exposes a segment of the interconnect 
space to the IP. The normal window addressing 
scheme is then used to locate individual intercon- 



nect registers within an object. Switching window 1 
to interconnect access mode gives the IP access to 
interconnect objects. Writing or reading window 1 
then is equivalent to the MOVE TO INTERCON- 
NECT and MOVE FROM INTERCONNECT opera- 
tors of the GDP. 

In physical reference mode, the interconnect space 
is addressed as a linear array of even-addressed, 
double-byte interconnect registers. As with physical 
reference mode memory accesses, the switchable 
window is established with a 24-bit address. Periph- 
eral subsystem references to the corresponding 
subrange are likewise interpreted by the IP as 16-bit 
displacements from the base address to individual 
interconnect registers. 



Memory Structure 

The architecture of the iAPX 432 defines a two-level 
memory space. Software operates in a segmented 
environment in which a logical address specifies the 
location of an object (data structure), and the proc- 
essor automatically translates this logical address 
into a physical address. A physical address is 24 bits 
long, allowing a maximum physical memory of 16 
Megabytes. When requesting access to either read 
or write memory, a 432 processor transmits the be- 
ginning byte of the memory byte to be referenced 
along with the length of the access. An Interface 
Processor can request to read or write up to eight 
bytes in a single memory access. 

The multiprocessor architecture of the iAPX 432 
places requirements on the memory system to en- 
sure the integrity of data. If several processor were 
permitted to read and modify the same data struc- 
ture without coordination, the data could become in- 
consistent or erroneous. Therefore, indivisible read- 
modify-write operations are necessary to manipulate 
system objects. 

When an RMW-read is processed for a location in 
memory, any other RMW-reads to that location must 
- be delayed to that location until a RMW-write to that 
location has been received (or until an RMW timeout 
has occurred). While the memory system is awaiting 
the RMW-write, however, other types of reads and 
writes are permitted. 

Even so, if an operand is a double-byte or longer, 
the memory system must still ensure that the entire 
operand has been read or written before once again 
allowing access to the same location. For example, 
if two simultaneous writes to the same location oc- 
cur, the memory system must guarantee that the set 
of locations used tb store 1he operand does not get 
changed to some interleaved combination of the two 
written values. 
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Designing Fault-Tolerant Systems 

When used together, the five components in the 
iAPX 432 family provide all the logic necessary to 
build a system that will tolerate the failure of any 
single component or bus, yet continue to execute 
programs without error and without interruption. No 
software intervention is required: fault detection, iso- 
lation, and reconfiguration of the system is per- 
formed entirely by the hardware. 

Each Interface Processor is able to detect hardware 
errors automatically because of a capability known 
as Functional Redundancy Checking (FRC), so 
called because a second or redundant IP checks the 
operations of the first or master IP. Functional Re- 
dundancy Checking provides the low-level hardware 
support upon which hardware fault-tolerant modules 
are constructed. 

During initialization, each IP is assigned to operate 
as either a master or a checker (see Figure 10). 
While a master operates in a conventional manner, a 
checker places all output pins that are being 
checked into a high-impedance state. Those pins 
which are to be checked on a master and checker 
are parallel-connected, pin for pin, such that the 
checker is able to compare its master's output pin 
values with its own. If on any cycle, the values differ, 
the checker asserts HERR and the faulty compo- 
nents can be immediately disabled. Thus, any hard- 
ware errors can be detected as they occur and be- 
fore they have had the opportunity to corrupt the 
operation of other components in the system. 





INPUTS 


OUTPUTS - 










INPUTS 


CHECKED 
OUTPUTS 



Figure 10. Function redundancy checking 
detects hardware errors automatically 

While FRC can be used alone to provide automatic 
error detection, a completely fault-tolerant system 
must also be able to reconfigure itself, replacing the 
set of failed components with another pair that is still 
working. In order to do so, the 432's architecture 
enables two pairs of master/checker components to 
be combined to form primary and shadow proces- 



sors in a configuration known as Quad Modular Re- 
dundancy (QMR). See Figure 11. m 

Every module in a QMR system is paired with anoth- 
er self-checking module of the same type. The pair 
of self-checking modules operates in lock step and 
provides a complete and current backup for all state 
information in the module. The mechanism is known 
as module shadowing because a shadow is ready to 
fill in if the primary fails (or vice versa). Fault detec- 
tion and recovery occurs transparently to both appli- 
cation and system software. When a fault is detect- 
ed, the faulty pair is automatically disabled, and the 
remaining pair takes over. Only then is system soft- 
ware notified that a failure has occurred. 

A more complete discussion of the fault-tolerant ca- 
pabilities of the iAPX 432 can be found in the iAPX 
43204-IAPX 43205 Fault Tolerant Bus Interface 
and Memory Control Units data sheet (Order Num- 
ber 210963). 



Processor Packet Bus Definition 

Processors sharing the same memory must contend 
for access to that memory over one or more system 
buses. Therefore, efficient bus utilization is essential 
in a multiprocessing system. A simple and efficient 
approach to building a 432 interconnect system is to 
use the iAPX 43204 Bus Interface Unit; the VLSI 
component provides the necessary circuitry to inter- 
connect 432 processors with from one to eight 
memory buses. Some system designers, however, 
may prefer to take other approaches to the intercon- 
nect design to optimize the cost/performance ratio 
of the hardware for their specific application. With 
that requirement in mind, fntel formulated an iAPX 
432 packet bus protocol which supports a wide 
range of system bus architectures. 

To reduce bus occupancy and increase the perform- 
ance range of 432 systems, the packet bus protocol 
separates processor requests and replies into sepa- 
rate packets. A processor can issue a request pack- 
et and leave the system bus free until the reply pack- 
et is returned from memory. 

As a second method of maximizing the efficiency of 
bus utilization, the packet bus protocol allows vari- 
able length packets of data. If a processor wishes to 
read a 64-bit operand, it can be done with a single 
request and reply packet. Thus, fewer individual 
storage requests are required to process long oper- 
ands. This aspect of the protocol enables proces- 
sors to interface easily to 16-bit, 32-bit, or even 64- 
bit system buses. 
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Figure 1 1 . Fault-Tolerant Alternatives 



This section describes the 19 signal lines that com- 
pose the Processor Packet bus and their timing rela- 
tionships. While this section defines all valid bus ac- 
tivities, the processors do not necessarily perform all 
allowed activities; nevertheless, slaves to the Proc- 
essor Packet bus must support all state transitions 
to ensure compatibility. 

The Processor Packet bus consists of three control 
lines: 

• PRQ (Processor Packet bus request) 

• Bqut (Enable Buffers for Output) 

• ICS (Interconnect Status) 



PRQ has two functions whose use depends upon 
the application; for example, PRQ either indicates 
the first cycle of a transaction on the bus or the can- 
cellation of a transaction initiated during the previous 
cycle. Of the three control lines, BOUT has the sim- 
plest function, serving as a direction control for buff- 
ers in larger systems which require more electrical 
drive than the processor components can provide. 
The ICS signal has three different interpretations de- 
pending on the state of the Processor Packet bus 
transaction. It may indicate whether or not: 

• An interprocessor communication (IPC) is 
waiting, 

• A slave requires more time to service the 
processor's request, or 

• A bus error has occurred. 
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The bus also includes 16 three-state Address/Con- 
trol/Data lines (ACD15-ACD0). These lines emit in- 
formation to specify the type of cycle being initiated; 
transmit addresses, data to be written, and control 
information; and during a read operation, receive 
data returned to the processor. Details of the ACD 
operation are summarized in Figure 12. 



Address/Control/Data Lines 

In the first cycle (T1 or Tvo) of a Processor Packet 
bus transaction (indicated by the rising edge of 
PRQ), the eight high-order ACD bits (ACD15-ACD8) 
specify the type of the current transaction. In this 



first cycle, the low-order ACD bits (ACD7-ACD0) 
contain the least significant eight bits of the 24-bit 
address. 

During the next cycle (T2), the remainder of the ad- 
dress is presented on the ACD pins, aligned so that 
the most significant byte of the address is on 
ACD15-ACD8 while the mid-significant byte is on 
ACD7-ACD0. If PRQ is asserted during T2, the ac- 
cess is cancelled and the ACD lines are not defined. 

During the third bus cycle (T3 or Tw) of a Processor 
Packet bus transaction, the processor presents a 
high impedance to the ACD lines for read transac- 
tions and asserts data for write transactions. 
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Figure 12. Processor Packet Bus State Diagram 
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Once the bus has entered T3 or Tv, the sequence of 
state transactions depends on the type of cycle re- 
quested during the preceding T1 or Tvo. Accesses 
ranging in length from 1 to 32 bytes may be request- 
ed, although the IP will request no more than 8 bytes 
in a single access (see Table 2). If a transfer of more 
than one double byte has been requested, T3 must 
beentered for every double byte that is transferred. 
ICS dictates whether the processor simply enters T3 
or first enters Tw to wait. 

After all data is transferred, the processor enters ei- 
ther Tv or Tvo. Tvo can be entered only when the 
processor is prepared to accomplish an immediate 
write transfer (overlapped access). During Tvo, the 
ACD lines contain address and specification infor- 
mation aligned in the same fashion as T1. If the 
processor does not require an overlapped access, 
the bus state move to Tv (the ACD lines will be high 
impedance). After Tv, a new bus cycle can be initiat- 
ed with T1 , or the processor may enter the idle state 
(Ti). 



Interconnect Status (ICS) 

As discussed earlier, ICS has three possible inter- 
pretations depending on the current state of the bus 
transaction (see Table 3). Even so, under most con- 
ditions ICS indicates whether or not an IPC is pend- 
ing; a valid low during any of these cycles with IPC 



significance signals the processor that an IPC has 
been received. While an iAPX 432 processor is only 
required to record and service one IPC or reconfigu- 
ration request at a time, logic in the interconnect 
system must record and sequence multiple (and 
possibly simultaneous) IPC occurrences and recon- 
figuration requests. Thus, the logic that implements 
ICS must accommodate global and local IPC arrivals 
and requests for reconfiguration as individual 
events: 

1 . Assert IPC significance on ICS for the arrival of an 
IPC or reconfiguration request. 

2. When the iAPX 432 processor reads interconnect 
address register 2, it will respond to one of the 
status bits for the IPC or reconfiguration request sig- 
nalled on ICS in the following order: 

BIT 2 (1 = reconfigure, 0=do not reconfigure) 

BIT 1 (1 = global IPC pending, 0=no global IPC) 

BIT 0 (1 = local IPC pending, 0= no local IPC) 

3. The logic in the interconnect system must clear 
the highest order status bit that was serviced by the 
iAPX 432 processor, and if an additional IPC mes- 
sage has arrived, the interconnect logic must signal 
an additional IPC to the processor by setting ICS 
high for at least one cycle and then setting ICS low 
for at least one cycle, while ICS has IPC signifi- 
cance. 



Table 2. ACD Specification Encoding 
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Table 3. ICS Interpretation 



State 


Significance 


Level 


High 


Low 


Ti, T1.T2 


IPC 


No IPC 
writing 


IPC 
writing 


T3,Tw 


Stretch 


Don't 
Stretch 


Stretch 


Tv, Tvo 


Err 


Bus Error 


No Error 



5-73 



171874-002 



iAPX 43203 



Processor Packet Bus Request (PRQ) 

PRQ is normally low and goes high only during T1, 
T2, and Tvo. High levels during Tvo and T1 indicate 
the first cycle of an access. A high level during T2 
indicates that the current cycle is to be cancelled. 
See Table 4. 



Table 4. PRQ Interpretation 
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Enable Buffers for Output (BOUT) 

Bout is provided to control external buffers when 
they are present. Table 5 and Figures 13 through 18 
show its state under various conditions. 

Table 5. Bout Interpretation 
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Processor Packet Bus Timing 

Each timing diagram shown on the following pages 
illustrates the timing relationships on the Processor 
Packet bus during various types of transactions. This 
approach to transfer timing allows maximum time for 
the transfer to occur and yet guarantees hold time. 

Any agent connected to the Processor Packet bus is 
recognized as either a processor (a GDP or IP) or a 
slave (e.g., the memory subsystem). 

In all transfers between a processor and a slave, the 
data to be driven is clocked for three-quarters of a 
cycle before it is sampled. This allows adequate time 
for the transfer and ensures sufficient hold time after 
sampling. The BOUT timing is unique because 
BOUT functions as a direction control for external 
buffers. 

Detailed set-up and hold times can be found in the 
AC Charcteristics section. 
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Figure 13. Nominal Write Cycle Timing 
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Figure 1 4. Minimum Write Cycle Timing 
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Figure 1 5. Stretched Write Cycle Timing 
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Figure 16. Minimum Read Cycle Timing 
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Figure 17. Stretched Read Cycle Timing 
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Figure 18. Minimum Faulted Access Cycle 



ELECTRICAL CHARACTERISTICS 

Tables 6 through 8 and Figure 1 9 through 24 provide electrical specifications and include I/O timing, read/ 
write timing, and the maximum ratings for the IP. 

Table 6. 43203 Absolute Maximum Ratings 



Absolute Maximum Ratings 


Ambient Temperature Under Bias 


0°Cto70°C 


Storage Temperature 


-65°Cto +150°C 


Voltage on Any Pin with Respect to QND 


-1Vto +7V 


Power Dissipation 


2.5 Watts 



Table 7. IAPX 43203 DC Characteristics 



V C c = 5V ± 10% 




T a = 0°Cto70°C 




Spec 


Description 


Min 


Max 


Units 


V|LC 


Clock Input Low Voltage 


-0.3 


+ 0.5 


V 


V|HC* 


Clock Input High Voltage 


3.5 


Vcc+0.5 


V 


V|L 


Input Low Voltage 


-0.3 


0.8 


V 


V| H 


Input High Voltage 


2 


Vcc+0.5 


V 


Vol 


Output Low Voltage 




0.45 


V 


V 0 H 


Output High Voltage 


2.4 


Vcc 


V 


lex; 


Power Supply Current 




450 


mA 


IlL 


Input Leakage Current 




±10 


IxA 


lo 


Outut Leakage Current 




±10 


julA 


lOL 


@0.45 Vol 








HERR 




8 


mA 




FATAL 




4 


mA 




AD 15 ...AD 0 




4 


mA 




OTHER 




2 


mA 


'OH 


@2.4Vqh 




-0.1 


mA 



*Foi operation at 5 MHz or slower, the 43203 may be operated with a V| H c minimum of 2.7 volts. 
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Table 8. IAPX 43203 AC Characteristics 

V C c = 5 ± 1 0% Loading: AD15 . . . ADo 20 to 1 00 pF 

T A = 0°C to 70°C Other 20 to 70 pF 



Symbol 


Description 


8 MHz 
Min Max 


7 MHz 
Min Max 


5 MHz 
Min Max 


Unit 


Global Timing Requirements 


*CY 
tr.tf 
T1.T2 
T3.T4 

tis 
tsi 

tiE 


Clock Cycle Time 
Clock Rise and Fall Time 

Clock Pulse Widths 
INIT to Signal Hold Time 
Signal to INIT Setup Time 
INIT Enable Time 


125 

26 
15 
10 
8 


500 
10 

* 250 % 


143 

30 
20 
10 
8 


500 
10 

250 


200 

45 
20 
10 
8 


500 
10 

250 


ns 
ns 

ns 
ns 
ns 

tCY 


System Side Timing Requirements 


trjc 
*CD 
tDH 
k)H 
tEN 
tDF 


Signal to Clock Setup Time 
Clock to Signal Delay Time 
Clock to Signal Hold Time 
Clock to Signal Output Hold Time 
Clock to Signal Output Enable Time 
Clock to Signal Data Float Time 


5 

25 
15 
15 


55 
55 


5 

35 
15 
20 


85 
75 


5 

35 
20 
20 


85 
75 


ns 
ns 
ns 
ns 
ns 
ns 


Peripheral Subsystem Side Timing Requirements 


tAS 
tCH 

tss 

tSH 

tsw 

tDS 

tDX 

tDHX 
tASY 


AD15...AD0, CS, WR, BHEN 
Setup Time to ALE Low 

AD 15 ...AD 0 , CS, WR, BHEN 
Hold Time to ALE Low 

SYNC High Setup Time to 
CLK A High 

SYNC Low Hold Time to 
CLK A High 

SYNC High Pulse Width 

Write Data Setup to 

Sampling CLKa High 
Write Data Hold to Sampling 

CLK A Low (Advanced XACK) 
Write Data Hold to XACK 
AD 15 ...AD 0 , CS, WR, BHEN 

Setup to SYNC 


0 

32 

50 

30 
50 

10 

10 
5 

120 


tss+ 

1.5 tcv 


0 

35 

60 

40 
80 

20 

20 
5 

160 


tss+ 

1.5 t CY 


0 

35 

60 

40 
60 

20 

20 
5 

160 


tss+ 

1.5 t CY 


ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 



I 
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Table 8. iAPX 43203 AC Characteristics (Continued) 



Symbol 



Description 



8 MHz 
Min Max 



7 MHz 
Min Max 



5 MHz 
Min Max 



Unit 



Peripheral Subsystem Timing Responses 



*SDH 
*AIH 

*EDE 
tEND 

*DAD 

tCED 

tCVD 

tox 

tDDS 
*XDE 
*CPE 



CLK A High to HLD, INT, PSR 
ValidAD 15 ...AD 0 ,CS 

toChiplWHI Valid Delay 
OE to DER Delay 
OE to Enable AD 15 . . . ADo 

Buffers Delay (Read Cycle) 
OE to Disable AD 15 . . . ADo 

Buffers Delay (Read Cycle) 
CLK A High to Enable 

AD 15 . . . ADo Buffers Delay 
CLK A High to Valid 

Read Data Delay 
OE Inactive to XA5R 

Inactive Delay 
AD 15 ... ADq D isable 

Setup to DEN High 
XACK Low to DEN High 

(Write Cycle) 

CLK A High to DEN Low 



— 


75 


— 


90 


— 


90 


ns 


— 


80 


— 


85 


— 


85 


ns 




65 




70 




70 


ns 


— 


70 


— 


75 


— 


75 


ns 




52 




52 




52 


ns 




70 




75 




75 


ns 




80 




90 




90 


ns 




80 




90 




90 


ns 


0 




0 




0 




ns 




35 




40 




40 


ns 




70 




75 




75 


ns 



XACK Timing Characteristics 



tAX 
*DSX 



*ADX 



Buffered Ac cesses with XD = 0 
ALE High to XACK Valid 
AD15 . . . ADq Re ad Data Valid 
Setup to XACK Valid 
(Whe n intern al state does not 
allow XACK before S YNC) 
Valid ADi 5 ... AD 0 to XACK 
Valid ( When I nternal State 
allows XACK before SYNC) 



20 



65 



120 



20 



70 



140 



20 



70 



140 



ns 



ns 



ns 



*DSX 



Buffered Accesses (with XD = 1 or 
XD = 2) or Random Accesses 
AD 15 . . .AD 0 Read Data Valid 
Setup to XAi 



OK 



20 



20 



20 



ns 



*SDL 
*SNX 



Faulted Acce sses 

CLK A LowtoNAK 

Setup of NAK to XACK 



75 



50 » 



50 



50 



90 



ns 
ns 



NOTES: 

1. All timing parameters are measured at the 1.5V level except for CLK A and CLK B which are measured at the 1.8V level. 

2. 5 MHz components are marked CR43203-5; 7 MHz components are marked CR43203-7, and 8 MHz components 
CR43203-8. 



3. Write data is sampled for only one clock cycle. The PS must meet toHX specification, thereby guaranteeing tpx- 
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ACD15...ACD0 
(READ DATA 
TIMING) 



HARDWARE ERROR 
DETECTION INPUT 
TIMING AND INPUT 
TIMING FOR ALL 
INPUTS EXCEPT 
ACD15.ACD0 
(ON 432 SIDE) 



•-TV 

INVALID Y , 

— £ 



3C 



OATAI INVALID 



Figure 19. 43203 Clock Input Specification 



Figure 21. 43203 Input Timing Specification 



ALL OUTPUT 

PINS 
EXCEPT BOUT 
(ON 432 SIDE) 



■#|v— —A— 

I-*- U- toi 




Figure 20. 43203 Output Timing Specification 



Figure 22. 43203 Initialization Timing 
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t I MUITIW.EXEO - 
« J ADORES* ♦ DAT* 
g A STATUS 

2 I *Pf*"»-Pj 



Si 



VALID WRITE DATA 



WRITE 04 



■«a*— H 



a- 



ID WHITE DATA I 



VALID READ DATA 



zzx 



»0 tpptj^ 



Figure 23. Local Processor Bus Timing 
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NOTES: 



1. ®and© could be the same clock edge for a buffered mode read. 

2. ® Clock edge could be one or two clocks after clock edge @, depending on the value of the write sample delay. 



Figure 24. Multibus® Interface Timing 
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INSTRUCTION SET 

Table 9 compares the operators available in the IP's 
function set to those provided in the GDP's instruc- 
tion set. Since windows are unique to Interface Proc- 
essors, the ALTER MAP AND SELECT OBJECT 
function has no counterpart in the GDP. Conversely, 
the IP has no functions for performing arithmetic op- 
erations (except for the atomic function INDIVISI- 
BLY ADD SHORT ORDINAL) or logical operations 
on numeric Or character data types, nor does it have 
any operators to alter the flow of execution (e.g., 
branch or call functions). 

To the extent that these classes of operators are 
needed in a peripheral subsystem interface, they 
can be provided by a combination of the AP's in- 
struction set and the IP's window facility. By opening 
a window, for example, on a message received from 
a GDP process, the I/O controller can use AP in- 
structions to test and branch on the value of a mes- 
sage filed read through the window. 

Through its windows, an IP provides the basic ability 
to read and write the contents of the data parts of 
objects. Using its function request facility, however, 
an IP can manipulate Access Descriptors (ADs), 
which reference objects. The IP can examine a com- 



plex (multi-segment) object, gaining access to its 
component segments. It can also perform amplifica- 
tion on both hardware-recognized typed objects and 
software-recognized types. When manipulating ob- 
jects of a protected type, an I/O controller is acting 
as a type manager, and its objects must be coordi- 
nated with the 432 type manager for the object. 

The interface Processor provides the I/O controller 
with both process and processor communication fa- 
cilities. Interprocess communication is asynchro- 
nous and is performed with the aid of ports, system 
objects that provide synchronization and message 
queues. Any object may be sent as a message from 
a process to a port. 

Interprocessor communication messages are prede- 
fined (see Table 10). The I/O controller can send 
one of these messages to an individual processor, 
or it can broadcast the message to all processors in 
the system. 

The IP also provides an optimized data passing facil- 
ity by using objects of type IP— Message and the 
OPEN MESSAGE and CLOSE MESSAGE opera- 
tors. 



Table 9. IP/GDP Operator Comparison 



Operator 


Implementation 


WINDOW DEFINITION OPERATOR 
Alter Map and Select Object 


IP 


v ACCESS DESCRIPTOR MOVEMENT OPERATORS 
Copy Access Descriptor 
Null Access Descriptor 
Move to Embedded Data Value 


GDP + IP 

GDP 

Similar 


RIGHTS MANIPULATION OPERATORS 
Amplify Rights 
Restrict Rights 


GDP+IP 
GDP 


TYPE DEFINITION MANIPULATION OPERATORS 
Retrieve Type Definition 


GDP 


REFINEMENT OPERATORS 
Create Refinement 
Create Typed Refinement 


GDP 
GDP 


OBJECT CREATION OPERATORS 
Create Object 
Create Typed Object 


GDP 
GDP 


ACCESS INSPECTION OPERATORS 
Inspect Access Descriptor 
Inspect Object 
Equal Access 


GDP+IP 
GDP+IP 
GDP 
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Table 9. IP/GDP Operator Comparison (Continued) 



Operator 


Implementation 


ACCESS INTERLOCK OPERATORS 




Lock Object 


GDP+IP 


Unlocked Object 


GDP+IP 


Indivisibly Add Short Ordinal 


GDP+IP 


Indivisibly Add Ordinal 


GDP 


Indivisible Insert Short Ordinal 


Similar 


Indivisible Insert Ordinal 


CaDr 


CONTEXT OPERATORS 




Enter Environment 


vaUr-rlr 


Enter (clonal Fnvironmant 


GDP + IP 


Set HnntfiYt Mode 


GDP 


AHiiict fttaok Pointer 
/\LijvJoi widLrrv run hoi 


GDP 


Call 


GDP 


Call throuah Domain 

villi 11 II VUMI 1 Uvl 1 IGlll 1 


GDP 


Return 

1 IviUI 1 1 


GDP 


Return and Fault 


GDP 


PERIPHERAL SUBSYSTEM MODE OPERATOR 




Set Peripheral Subsystem Mode 


IP 


PROCESS COMMUNICATION OPERATORS 




Send 


GDP+IP 


Receive 


GDP + IP 


Conditional Send 


GDP + IP 


Conditional Receive 


GDP + IP 


Surrogate Send 


GDP+IP 


Surrogate Receive 


GDP+IP 


Delay Process 


CaDr 


Send Process 

wwl 1 VJ 1 1 WW WWW 


GDP 


Disoateh 


IP 


Set Process Mode 


GDP 


Read Prof*e^<5 Olork 


GDP 


Onan MeQQane 

wpvl 1 IVIvOwGUv 


IP 


Close Messaae 


IP 


PROCESSOR COMMUNICATION OPERATORS 




Send to Processor 


GDP + IP 


Read Processor Status 


GDP + IP 


INTERCONNECT OPERATORS 




Move to Interconnect 


GDP* 


Move from Interconnect 


GDP* 


BLOCK— MOVE^-OPERATORS 


GDP 


BRANCH OPERATORS 


GDP 


CHARACTER OPERATORS 


GDP 


SHORT-ORDINAL OPERATORS 


GDP 


SHORT-INTEGER OPERATORS 


GDP 


ORDINAL OPERATORS 


GDP 


INTEGER OPERATORS 


GDP 


SHORT-REAL OPERATORS 


GDP 


REAL OPERATORS 


GDP 


TEMPORARY REAL OPERATORS 


GDP 



Legend: 

GDP + IP IP and GDP implementations are identical. 

IP IP implements operator, GDP does not. 

GDP GDP implements operator, IP does not. 

similar While conceptually similar, IP implements operator differently than GDP. 

* Window 1 of IP provides equivalent interconnect access. 
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Table 10. IPC Message Codes 


The following list contains the Interprocessor Communication message codes in decimal along with a 


short description of the message: 




0 Wakeup 


5 Requalify Object Table Cache 


1 Start 


Reset Processor 


2 Stop 


7 Requalify Processor 


3 Accept Global IPCs 


8-14 Defined for GDP but ignored by IP 


4 Ignore Global IPCs 





Package 

The 43203 is packaged in a 68-pin, leadless JEDEC type A hermetic chip carrier as shown below. 



.050 
(1.27) 



OUUUUUUUUUUUUUUUL^ 



I I 



innnnnnnnnnnnnnrE 



.960 
(24.38) 



-PIN NO. 1 MARK 



.130 
(3.30) 



Additional Information 

More information about the iAPX 432 Micromain- 
frame architecture can be found in the following pub- 
lications: 



Information on the electrical characteristics of other 
432 components can be found in the following publi- 
cations: 



iAPX 432 Interface Processor Architecture, 
Reference Manual (Order Number 171863) 
iAPX 432 General Data Processor Architec- 
ture Reference Manual (Order Number 
171860) 

iAPX 432 Interconnect Architecture Refer- 
ence Manual (Order Number 172487) 



iAPX 43201/43202 General Data Processor 
Data Sheet (Order Number 590125) 
iAPX 43204/43205 Fault Tolerant Bus Inter- 
face and Memory Control Units (Order Num- 
ber 210963) 

iAPX 43204/43205 BIU/MCU Electrical Spec- 
ifications (Order Number 172867) 
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FAULT TOLERANT 
BUS INTERFACE AND MEMORY CONTROL UNITS 



Software Transparent Detection And 
Recovery From Any Single Point Failure 

Supports Up To 31 Processors For A 
Large Performance Range 

Configure From 1 To 8 Buses For High 
Bandwidth And Fault Tolerance 



Single, Dual, and Quad Redundant 
Configurations Tailor System Designs 
to Meet A Spectrum of Fault Tolerance 
And Cost Objectives 

VLSI System Simpfif ies Design With 
Low TTL Count 

Dynamic RAM Refresh with Error 
Correction and Scrubbing 



The 43204 Bus Interface Unit (BIU) and 43205 Memory Control Unit (MCU) are two VLSI devices that support 
the construction of fault tolerant, multiple processor 432 systems. Together they support: multiprocessQr ar- 
bitration, dynamic RAM control, arid ECC with a minimal amount of TTL. Fault tolerant systems can be built 
that tolerate the failure of any single component or bus. The BIU and MCU detect the failure and automatically 
switch to a redundant processor, bus, or memory. Hardware failures are completely masked from application 
software. 



PROCESSOR 
MODULE 



I/O 
DEVICE 



GDP 



GDP 



MEMORY 
MODULE 



ARRAY 

I 



MCU 



ARRAY 



MCU 



MACD 
BUS 



BIU 



BIU 



ARRAY 



MCU 



ARRAY 



MCU 



MACD 
BUS 



BIU 



ACD 
BUS 



BIU 



BIU 



ACD 
BUS 



Figure 1. A 2 Bus System with 2 General Data Processors and 1 1/O Subsystem. 
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INTRODUCTION 

The first phase of the iAPX 432 program introduced 
two processor types: the General Data Processor 
(GDP) and the Interface Processor (IP). The GDP 
was implemented with two VLSI components: iAPX 
43201 and iAPX 43202. The IP was implemented as 
a single VLSI component: the iAPX 43203. These 
three VLSI components Implement the processor 
architecture for the iAPX 432. System builders have 
constructed multiple processor systems by sur- 
rounding the VLSI processors with discrete logic, 
which provided the interface to shared memory and 
the interprocessor communication paths. The meth- 
od for interconnecting iAPX 432 processors and 
memories was unique for each system, since no 
standard had been defined. 

This data sheet describes a pair of VLSI compo- 
nents: the iAPX 43204 Bus Interface Unit (BIU) and 
the iAPX 43205 Memory Control Unit (MCU) that 
form a unifying interconnect architecture for build- 
ing iAPX 432 systems. Together, these components 
form the basis for constructing multiple-processor 
fault-tolerant iAPX 432 systems. 

The iAPX 432 together with the BIU/MCU intercon- 
nect architecture provide: 

• Integrated fault tolerance. The VLSI interconnect 
components (BIU/MCU) integrate all the detec- 
tion and recovery logic required to build a system 
that can tolerate any single component failure. 

• Software transparent fault tolerance. Hardware 
performs all fault detection and recovery func- 
tions transparent to application software. The 
machine never stops. 

• Configurability. The BIU and MCU support a 
range of fault tolerance and performance options 
to meet a diverse set of cost, performance, and 
reliability needs,. 

• Standard VLSI solution. Very little external logic is 
required. 



• Reliable software. The iAPX 432 system's "need 
to know" (capability) addressing confines errors, 
protecting the system from errant software. 

The object-based architecture of the iAPX 432 pro- 
vides a robust and flexible environment for cooper- 
ating, concurrent software systems. The iAPX 432 
processors use a cooperating, self-dispatching 
mechanism to automatically share the workload be- 
tween the available processors. The number of pro- 
cessors available in the system is transparent to 
software. 

The BIU and the MCU extend the logical flexibility 
and robustness of the iAPX 432 processors into the 
physical implementation of iAPX 432 systems. The 
BIU and MCU allow the iAPX 432 hardware to modu- 
larly and transparently extend the processing power 
(from 1 to 63 modules of processors or memories), 
bus bandwidth (1 to 8 backplane buses), and fault- 
tolerant capabilities of the system. Figure 1 shows 
an example of a two bus three processor (2 GDPs + 
1 1P) system. 

As Figure 2 shows, an iAPX 432 system based on 
the interconnect architecture may be expanded 
gracefully. A system with one processor and one 
memory may be built with a single memory bus. 
Transparent multiprocessing may be achieved by 
simply adding processor modules. When additional 
memory is required, memory modules may be add- 
ed onto the single memory bus. When more memory 
bandwidth is required, an additional memory bus- 
(es) can be added. None of these alternative sys- 
tems require any change to application software. 

In an iAPX 432 system, each processor is unaware 
of the manner in which the memory address space is 
actually implemented. Hardware located in the BlUs 
determines how processor addresses are mapped 
to buses and memory systems. 
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Figure 2. Modular Expansion 



BUS INTERFACE UNIT 

The Bus Interface Unit or BIU provides the switching 
function of the IAPX 432 interconnect system. That 
is, it accepts access requests from an iAPX 432 pro- 
cessor and, based on the physical address, it de- 
cides which memory bus(es) will be used to perform 
the access. The BIU is also responsible for arbitrat- 
ing the usage of the memory bus. Finally, the BIU is 
responsible for propagating error information 
throughout the sytem. 



MEMORY CONTROL UNIT 

The Memory Control Unit or MCU interfaces mem- 
ory storage arrays to the memory bus. The storage 
arrays will typically be constructed with high-density 



dynamic RAM (DRAM) components. All types of 
DRAMs are supported: 16K, 64K, 256K, even par- 
tially good components. The MCU manages the 
storage array as a logical collection of 32 data bits, 7 
bits of error correcting code (ECC), and an optional 
spare bit. The MCU can automatically refresh the 
dynamic storage array. In addition, the MCU can 
scrub single-bit errors from the storage array as a 
background task. Scrubbing is accomplished by pe- 
riodically reading the storage array, correcting all 
single-bit errors, and detecting and reporting all 
double-bit errors. The MCU accepts variable length 
data requests from the memory bus and performs 
the necessary access sequencing to read or write 
the data into the storage array. A modest amount of 
external logic is required to interface the MCU to the 
storage array RAMs — for simple configurations, as 
few as 1 2 external TTL packages are required. 
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MEMORY BUS 

The memory bus (sometimes referred to as the 
MACD bus) provides the principal communication 
path, carrying all memory access requests and in- 
terprocessor communication. The memory bus con- 
nects BlUs to MCUs. Each node in the interconnect 
system tracks each operation on the memory bus to 
which it is attached. Thus, unlike most bus proto- 
cols, each BIU and MCU keeps track of all outstand- 
ing requests on the bus — not just the ones made by 
the BIU or MCU itself. Control for the bus is fully 
distributed; there is no centralized bus controller. 



INTEGRATED FAULT TOLERANCE 

BlUs and MCUs also form the basis for building 
fault-tolerant \APX 432 systems. Functional Redun- 



dancy Checking (FRC) provides the low-level hard- 
ware support on which hardware fault-tolerant 
modules are constructed. In Figure 3, notice that a 
redundant processor module is formed by replica- 
tion of the VLSI GDP and BlUs. A redundant mem- 
ory module is formed by duplicating the VLSI MCU. 
The unshaded GDPs, BlUs, and MCUs act as mas- 
ters. The shaded components act as checkers, 
which observe their master and report any disagree- 
ment they detect in the values the master produced. 

When any error occurs, a special error reporting 
network notifies alhnodes in the system of the dis- 
crepancy. Figure 4 illustrates the flow of error infor- 
mation in the interconnect system. In phase 1, an 
error is detected at a node in the interconnect sys- 
tem. The example illustrates an error detected at 
BIU(2,1); i.e., the BIU on memory bus 2 in processor 
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Figure 3. FRC Configuration Pairing 
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Figure 4. Three Phase Error Reporting Mechanism 



module 1 . The detecting component reports the er- 
ror to all components attached to the same bus (a 
bold line indicates an active error reporting path). At 
this point, if all error reporting nodes are intact, all 
nodes have received the error message. In phase 2, 
all components that received the phase 1 error mes- 
sage rebroadcast the message along their module 
paths. Finally, in phase 3, each component that has 
received an error message rebroadcasts the mes- 
sage along its bus path. This second rebroadcast 
ensures that all nodes receive the error message 
even if a single module or bus error report line has 
failed. At the end of phase 3, all interconnect compo- 
nents in the system have been informed of the error. 
The actual error reporting paths are separate from, 
but run parallel to, the MACD and ACD busses so 
that error reports may propagate even if a bus is in- 
operative. In addition, the reporting paths may be 
duplicated to remove any single-point dependency 
in delivering an error report. 

RECOVERY 

The recovery process begins after an error report 
message has been broadcast around the system. 



Recovery is a distributed operation — each node in 
the system reads the error report message and de- 
cides what recovery actions need to be taken. 

For recovery to be successful, there must be redun- 
dant resources available in the system. There are 
three redundancy mechanisms in the BIU and MCU: 
bus retry buffers, ECC, and module shadowing. The 
first two are useful in recovering from transient er- 
rors, while module shadowing allows recovery from 
permanent errors. 

Figure 5 illustrates how every module in the system 
may be paired with another self-checking module of 
the same type. This pair of self-checking modules 
operates in lock step and provides a complete and 
current backup for all state information in the mod- 
ule. This mechanism is known as module shadow- 
ing because a shadow is ready to fill in if the primary 
fails, or vice versa. Fault detection and recovery is 
performed totally transparent to both application 
and system software. When the recovery is com- 
plete, system software is notified that a failure oc- 
curred. Figure 6 shows sample module failures and 
automatic hardware recovery. 



5-89 



210963-002 



iAPX 43204, 43205 



REDUNDANT PROCESSOR MODULE 



I 1 

REDUNDANT MEMORY MODULE 



PRIMARY 



r 



GDP 



SHADOW 

r 



GDP 



ARRAY 



MCU 



ARRAY 



MCU 



BIU 



BIU 



^1 



1 



BIU S 



biu Kq 



I I 



BIU ^ 



BIU 



= CHECKER 



I 



Figure 5. QMR Configuration Pairing 
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Figure 6B. Failed Modules Are Disabled 



^ GDP 



^ GDP 



BlU 



BlU 



ARRAY 



MCU 



BlU 



^ MCU 



ARRAY 



BlU ^ 



S GDP 



0 GDP 



\; mcu 





Z^- T -U " " " 

! biu Jn\J 


-i BIU KJ 


-x— ^ 












BIU 

' iV\\\<Nl 


BIU 3 



Figure 7. Bus Reconfiguration 



A fault-tolerant module is also called a QMR module 
(Quad Modular Redundant) because most compo- 
nents (except memory) are replicated four times. 
There are two self-checking modules and each of 
these has a master and a checker. 



£ach memory bus in the system may be paired with 
another memory bus. Memory modules are physi- 



cally connected to both buses although logically 
they are attached to only one bus at a time. During 
normal operation the buses run independently. Both 
contribute to the total memory bandwidth available 
in the system. If a bus fails, the memory modules at- 
tached to that bus will automatically switch to the 
other bus which is still operating. Figure 7 illustrates 
how the BIU and MCU reconfigure the system when 
a bus fails. 



5-91 



210963-002 



iAPX 43204, 43205 



CONFIGURABLE FAULT TOLERANCE 

Figure 8 illustrates the range of alternatives avail- 
able to system designers when they build iAPX 432 
systems. The most fault-tolerant systems are built 
from a QMR configuration of processors that can 
tolerate any single component failure without crash- 
ing the system. BlUs and MCUs provide full hard- 
ware error detection and recovery transparent to 
software. 

The lowest cost configurations can be built using 
basic processor modules without FRC or QMR. This 
type of configuration will crash if a component fails, 
but can be made "self-healing" by adding intelligent 
software to the I/O subsystem. Unlike QMR, self- 
healing does not protect against system crashes, 
but it does allow the system to recover from a failure 
in a short period of time. The "healing" takes place 
in 3 steps. First, a watchdog timer in an I/O subsys- 
tem alerts I/O subsystem software that the central 
system has failed. Second, the I/O subsystem 
checks BIU/MCU error logging registers and runs 
diagnostics to identify which resource (e.g., proces- 
sor, bus or memory) has failed. Third, the I/O sub- 
system reinitializes the system using the 
configuration control within the BIU and MCU to 
configure out the failed resource. The system is up 
and running without human intervention after only a 
short period of down time. 

The basic configuration is the lowest cost alterna- 
tive, but for some applications it is desirable to have 



a very high degree of confidence that calculations 
are performed correctly. A QMR system will do this 
since all components have a checker that alerts the 
system whenever a mistake is made. However, a 
QMR configuration may be overkill for some appli- 
cations that can tolerate an occasional system fail- 
ure, as long as the computations are correct when 
they do complete. FRO configurations offer an alter- 
native in between the basic and QMR approaches. 
Adding a second set of checker components to each 
module improves the error detection capabilities of 
the system providing "high confidence" computing. 
No single hardware failure will go undetected and 
corrupt the results of a critical computation. FRC in- 
sures that any error is caught before it can propa- 
gate to another/ module in the system. FRC alone 
does not provide automatic hardware recovery like 
a QMR system, but it does detect errors as soon as 
they occur so that the system does not become cor- 
rupted. It is then the responsibility of system soft- 
ware to implement a "self-healing" strategy where 
the faulty resource is disabled and the system reini- 
tialized. 

The software configurability of a BIU/MCU system 
allows a system to use a combination of the above 
strategies. For example, software can configure a 
system as a full QMR system in the morning for criti- 
cal applications, and then switch to an FRC only sys- 
tem in the afternoon. This doubles the system 
throughput (twice as many processors are working 
in parallel) without making any hardware changes. 
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Figure 8. Fault-Tolerant Alternatives 
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FAULT-TOLERANT SYSTEM DESIGN 
RESPONSIBILITIES 

The interconnect architecture and the VLSI compo- 
nents provide a stable base for developing fault- 
tolerant iAPX 432 systems. The iAPX 432 intercon- 
nect components address the issues concerning 
fault tolerance which are encountered when con- 
structing the iAPX 432 central system. A number of 
system-wide issues remain the responsibility of the 
iAPX 432 system designer. These issues include: 

• A fault-tolerant I/O system 

• Fault-tolerant power supplies and distribution 
method 

• A fault-tolerant method for clock generation and 
distribution 

• The electrical and physical provisions for on-line 
repair 



SUMMARY 

The iAPX 432 interconnect architecture provides a 
standard VLSI method for constructing multiple pro- 
cessor VLSI computer systems. The iAPX 432 inter- 
connect architecture is implemented by a pair of 
VLSI components, the Bus Interface Unit (BIU) and 
the Memory Control Unit (MCU). Together with iAPX 
432 processors, these components permit the con- 
struction of modular, extensible, multiprocessor 
computer systems. The components are designed 
to support the construction of fully fault-tolerant 
iAPX 432 systems. However, there is no penalty in 
performance or in cost for those applications that do 
not require fault tolerance. 

The 432 fault-tolerant mechanisms are designed to 
provide a flexible and complete solution to the prob- 
lems of fault-tolerant hardware. For basic systems 
(those without checkers for error detection or QMR 
for recovery), a user may decide to use only a few 
detection mechanisms and provide recovery only 
for transient errors. This functionality comes at no 
additional cost in the VLSI interconnect system. To 
reduce maintenance cost and increase system 
availability, a system may use all of the detection 
mechanisms (i.e. may add checker components) but 
may not add any extra recovery capability (i.e. may 
not marry self-checking modules into a fault-tolerant 
QMR module). Continuous operation is available to 
the user who adds the extra recovery capabilities. 

None of the fault-tolerant mechanisms reduce sys- 
tem performance. Systems that do not require the 
highest level of fault tolerance are not penalized in 
any way (cost, size, or performance) for the unused 
fault-tolerant capabilities. Increased levels of fault 
tolerance are achieved by replicating the iAPX 432 
VLSI components. The hardware fault tolerance in 
the iAPX 432 is transparent to application software. 
The system's fault-tolerant capabilities may be 
changed without any changes to the application 
software system. 
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Figure 10. iAPX 43204 BIU Logic Symbol 
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Table 1. iAPX 43204 BIU Pin Description 



Symbol 


Type 


Name and Function 


Memory Bus Group 


MACD15 
. . MACDO 


I/O* 


These 1 6 bidirectional sianals earrv Dhvsical memorv addresses control in- 
formation (access length and type), and data to and from the memory bus. 


CHK1 CHKO 


I/O* 


These 2 bidirectional sianals earrv oaritv bit check information which de- 

1 1 1 V> w w mm VI VI 1 1 vvllV/l lul WIUI ICIIw wdl 1 Y K/Gftl ■ I V Vrll vl lwwi> II llvl 1 1 IwllV/l 1 vvl llvl I VI W 

tects errors in transfers on MACD15 . . MACDO and CTL2 . . CTLO. The 2 
parity check bits are computed to satisfy the following equations (X = Ex- 
clusive OR): 

MACD15 X MACD13 X MAOD11 X MACDQ X MACD7 
X MACD5 X MACD3 X MACD1 X CTL1 X CHK1 - 0 

MACD14X MACD12X MACD10 X MACD8 X MACD6 

X MACD4 X MACD2 X MACDO X CTL2 X CTLO X CHKO = 1 

The BIU and MCU generate and check even parity (an even number of ones) 
across the 1 0 odd-numbered MACD, CTL, and CHK signals, and odd parity 
(an odd number of ones) across the 1 1 even-numbered MACD, CTL, and 
CHK signals. 


CTL2..CTL0 


I/O* 


The 3 MACD bus control signals carry a code that controls the sequencing 
of the memory bus. 


MBOUT 


I/O** 


MBOUT controls the direction of external buffers for the MACD, CHK, and 
CTL signals. When MBOUT is asserted, it indicates that the buffers must be 
directed to carry information outbound from the component to the memory 
bus. 


BERLOUT 


0 


BERLOUT supplies bit-serial bus error messages when the component de- 
tects a memory bus error, a storage array error, or a memory module error. 


BERL1, 
BERL2, 


1 
1 


BERL1 and BERL2 are duplicate paths on which the component receives 
bit-serial bus error messages from the memory bus. When duplicated paths 
' are not required, these two pins must be supplied with the same bus error 
report information. 


BCHK 


I/O* 


BCHK provides a mechanism which checks that external buffers are operat- 
ing. BCHK is toggled once each clock cycle by the component that is driving 
it. In an FRC pair, the master component drives BCHK. The checker compo- 
nent in the FRC pair receives BCHK. Routing BCHK from the master com- 
ponent, through one buffer in each external buffer package, and to the 
checker component, forms a serial network. If the oscillating BCHK signal 
fails to traverse the external buffer network, the buffer path is suspect and a 
bus error will be signalled. Buffer checking can be disabled by interconnect 
register programming. 
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Table 1 . iAPX 43204 BIU Pin Description (Continued) 



Symbol 


Type 


Name and Function 


Memory Bus Arbitration Group 


CONT 


I 


The CONT input indicates if the external arbitration network has detected 
that two or more simultaneous requests have been made for the use of the 
memory bus. When contention is indicated, all contending components will 
perform a binary arbitration sequence (based on each component's unique 
6-bit module ID) to decide which component will be granted first use of the 
memory bus. 


RQ 


I 


The RQ input indicates if any agent is requesting the use of the memory bus. 
There are three valid combinations for RQ and CONT: 

RQ CONT Interpretation 

1 1 No request 

0 1 One BIU is making a request 

0 0 Two or more Bills are making a request 

The MCU does not generate any memory bus requests. The MCU tracks the 
action of RQ and CONT, and the CTL(2 . . 0) signals to determine when it is 
allowable to use the memory bus to reply to a request. 


RQOUT 


I/O** 


When asserted, RQOUT signals that the component requires the use of the 
memory bus. RQOUT is intended to drive an external open-collector invert- 
er which is wire-ORed to form a combined RQ line. The RQOUT signal from 
all BlUs attached to a memory bus must be logically combined to form a con- 
tention signal. (Contention occurs when two or more BlUs issue RQOUT si- 
multaneously). The logic to detect contention among BlUs must be supplied 
by the customer. 


NREQOUT 


I/O* 


The NREQOUT signal indicates that the component has received a new re- 
quest from its associated processor. NREQOUT is intended to drive an ex- 
ternal open-collector inverter, which is wire-ORed (with the same signal 
from other BlUs on the memory bus) to form NREQ. 


NREQ 


1 , 


NREQ is an input that signals the beginning of a new time-ordered request 
cycle in which a request from one or more processors must be managed. - 
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Table 1 . iAPX 43204 BIU Pin Description (Continued) 



Symbol 


Type 


Name and Function 


Module Group 


MERL 


I 


The MERL input accepts bit-serial module error messages. See the 
BERLOUT pin description for the format of the serial error messages. 


MERLOUT 


0 


The MERLOUT output broadcasts bit-serial module error messages to all 
Bills contained within the same module (attached to the same processor). 


MMAL 


I/0+ 

- 


MMAL operates in the same manner as MMAH except that when MMAL is 
asserted it indicates that the lower addressed portion of a multiple module 
access is in progress on the memory bus. 

The two Bills that are cooperating in a multiple module access observe both 
MMAH and MMAL. Both signals are deasserted after each BIU has com- 
pleted its portion of the access on the memory bus to which it is connected. 
In read accesses, after both signals are deasserted, the BIU with the lower 
addressed portion of the access presents data to the processor first. The 
BIU with the higher addressed portion of the access tracks the other BIU by 
counting the number of bytes returned to the processor (noting ICS, Inter- 
connect Status, see below). When the BIU with the lower-addressed portion 
of the access completes its transfer, the next BIU begins automatically. Mul- 
tiple module read accesses which begin at an odd addressed byte boundary 
cause the two cooperating BlUs to simultaneously return data to the pro- 
cessor. At the address boundary for which they share access responsibility, 
the low BIU returns its last byte on ACD7 . . ACDO, and the high BIU returns 
its first byte on ACD1 5 . . ACD8. 

After MMAH and MMAL have been deasserted, one (or both) of the BlUs 
may reassert the signals, each to indicate that its portion of the multiple 
module access encountered an error. This indication will be returned to the 
processor during error significance time for ICS. 


MMAH 


I/0+ 


When asserted, MMAH indicates that one of the BlUs in a module is per- 
forming the high order address part of a multiple module access. A multiple 
module access occurs when a processor request spans an address range 
such that two memory buses, each connected via a different BIU must be 
engaged. When it is deasserted, MMAH indicates that the high portion of the 
access has been completed on the memory bus. 
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Table 1 . iAPX 43204 BIU Pin Description (Continued) 



Symbol 


Type 


Name and Function 


ACD Bus Group The ACD Bus Group contains the set of signals with which a compatible 
iAPX 432 processor connects to the BIU. See the iAPX 43201/43202 Gener- 
al Data Processor Data Sheet (Order Number 590125) and the iAPX 43203 
Interface Processor Data Sheet (Order Number 590130) for information 
about compatible iAPX 432 processors. 


ACD15 
. . ACDO 


I/O 


These 16 signals form the processor-to-BIU communication path that car- 
ries all memory and interconnect accesses. 


PRO 


I 


PRQ indicates the start of a processor request to the BIU. 


ICSOUT 


0 


ICSOUT is intended to drive an external open-collector inverter to form ICS. 
All BlUs in a processor module contribute to the wired-OR ICS signal. 


ICS 


I 


ICS supplies interconnect status to both the BIU and its associated iAPX 
432 processor. ICS carries information on errors, data synchronization, and 
interprocessor communication to the processor. It is also monitored by 
each BIU for coordinating multiple module accesses. 


CLRPUOUT 


0 


CLRPUOUT is intended to drive an open collector inverter and form a wired- 
OR CLR signal to the associated iAPX 432 processor. All BlUs in a proces- 
sor module contribute to the wired-OR CLR signal. Using CLRPUOUT, a 
BIU can synchronize the FRC master and checker processor components. 


System Group 


VCC2..VCC0 




Three VCC pins supply 5-volt power to the BIU/MCU. All three pins must be 
connected. The three VCC pins are not connected together inside the 
component. 


VSS2..VSS0 




Three VSS pins provide ground to the BIU/MCU. All three pins must be 
connected. The three VSS pins are not connected together inside the 
component. 


CLKA 


I 


CLKA is a square-wave clock for the BIU/MCU. CLKA must operate 
continuously to preserve the operating state of the component. 


CLKB 


I 


CLKB is a square-wave clock for the BIU/MCU. CLKB is the same frequen- 
cy as CLKA but lags CLKA by 90 degrees. CLKB must operate continuously 
to preserve the operating state of the component. 


TnTt 


I 


INIT is a signal that causes the BIU/MCU to initialize. In addition, INIT is used 
to enable external logic which provides configuration information to the 
component. 



Input signal 

Output signal 

Input/Output signal 

FRC errors cause module error 

FRC errors cause bus error 

External passive pullup required (10K Ohms) 

Asserted low 



Legend: I = 

O = 
I/O = 
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Figure 1 1 . 43205 Pin Configuration 
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Figure 12. iAPX 43205 MCU Logic Symbol 
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Table 2. IAPX 43205 MCU Pin Description 



Symbol 


Type 


Name and Function 


Memory Bus Group 


MACD15 
. . MACDO 


I/O* 


These 1 6 bidirectional sionals carrv Dhvsical memorv addresses control in- 

i ■ iwww i w v i vi 1 1 vvuvi mi wivji miw vqi i y yji i y wivqi i i ivi i ivi y avivii w w w v w j wvi in v#i n i 

formation (access length and type), and data to and from the memory bus. 


CHK1 CHKO 

V^l MA 1 mm\Sl IIW 


I/O* 


These 2 bidirectional sianals carrv oaritv bit check information which de- 

1 1 I W W W mm VI VI 1 1 VvUvl IQI WlVJI Idlw VQI 1 V Vfdl 1 % V VI 1 1 VI lwwr\ II II vl 1 1 IHUvl 1 ft 1 IIV/I 1 VI W 

tects errors in transfers on MACD15 . . MACDO and CTL2 . . CTLO. The 2 
parity check bits are computed to satisfy the following equations (X = Ex- 
clusive OR): 

M ACD1 5 X MAOD1 3 X M ACD1 1 X M ACD9 X M ACD7 
X MACD5 X MACD3 X MACD1 X CTL1 X CHK1 = 0 

MACD14X MACD12 X MACD10X MACD8 X MACD6 

X MACD4 X MACD2 X MACDO X CTL2 X CTLO X CHKO = 1 

The BIU and MCU generate and check even parity (an even number of ones) 
across the 1 0 odd-numbered MACD, CTL, and CHK signals, and odd parity 
(an odd number of ones) across the 1 1 even-numbered MACD, CTL, and 
CHK signals. 


CTL2..CTL0 


I/O* 


The 3 MACD bus control signals carry a code that controls the sequencing 
of the memory bus. 


MBOUT 


I/O** 


MBOUT controls the direction of external buffers for the MACD, CHK, and 
CTL signals. When MBOUT is asserted, it indicates that the buffers must be 
directed to carry information outbound from the component to the memory 
bus. 


BERLOUT 


0 


BERLOUT supplies bit-serial bus error messages when the component de- 
tects a memory bus error, a storage array error, or a memory module error. 


BERL1 
BERL2 


I 
I 


BERL1 and BERL2 are duplicate paths on which the component receives 
bit-serial bus error messages from the memory bus. When duplicated paths 
are not required, these two pins must be supplied with the same bus error 
report information. 


BCHK 


0* 


BCHK provides a mechanism which checks that external buffers are operat- 
ing. BCHK is toggled once each clock cycle by the component. By routing 
BCHK through one buffer in each external buffer package to BCHKIN/M, a 
serial network is formed. If the oscillating BCHK signal fails to traverse the 
external buffer network, BCHKIN/M will detect the error and signal a bus er- 
ror. The BCHK signal does not toggle when the component is being initia- 
lized by either the INIT signal or an, internal initialization request. Buffer 
checking can be disabled by a parameter acquired by thie MCU during initial- 
ization. The MCU will disable buffer checking after it detects a permanent 
module error. 


BCHKIN/M 


I 


BCHKIN/M checks the oscillating BCHK signal after it has been routed 
through each of the external buffers for the memory bus. If any errors are 
detected, a module error will be signalled. During initialization, the BCHKIN/ 
M pin accepts the MASTER information. If it is high during initialization, then 
the component will become the master of an FRC pair of components; 
otherwise it will become a checker. 
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Table 2. iAPX 43205 MCU Pin Description (Continued) 



Symbol 


Type 


Name and Function 


Memory Bus Group 


BUSSEL 


0 


BUSSEL controls which of two memory buses (normal or backup) the MCU 
is to use. The middle bit of an internal 3-bit normal bus identifier (ID) is logi- 
cally combined with an internal bus state code to produce BUSSEL. The bus 
state code records the state and health of both the normal and backup bus- 
es. When the component switches to an alternate bus (changes the bus 
state code), BUSSEL is changed accordingly. 


Memory Bus Arbitration Group 


CONT 


I 


The CONT input indicates if the external arbitration network has detected 
that two or more simultaneous requests have been made for the use of the 
memory bus. When contention is indicated, all contending components will 
perform a binary arbitration sequence (based on each component's unique 
6-bit module ID) to decide which component will be granted first use of the 
memory bus. 


RQ 


I 


The RQ input indicates if any agent is requesting the use of the memory bus. 
There are three valid combinations for RQ and CONT: 

RQ CONT Interpretation 

1 1 No request 

0 1 One BIU is making a request 

0 0 Two or more BlUs are making a request 

The MCU does not generate any memory bus requests. The MCU tracks the 
action of RQ and CONT, and the CTL(2 . . 0) signals to determine when it is 
allowable to use the memory bus to reply to a request. 


Storage Array Group 


SLAD19. . 
SLADO 


I/O* 


The 20 SLAD signals form the communication path between the MCU and 
its associated storage array. The SLAD bus multiplexes addresses to the 
storage array with data (32 bits) and ECC (7 bits) which are to be read from 
or written to the array. 


RAS 


0* 


When RAS is asserted, it ihdicates the start of a storage array cycle. RAS 
may combine with external sequencing logic to control the operation of the 
storage array. 


ABCHK 


I 


ABCHK is an input used to verify the external RAM control logic. WE and 
CAS are used to generate the ABCHK signal. In addition, the functionality 
of the external buffers associated with the storage array may be validated by 
routing the oscillating BCHK signal through each of the buffers in a similar 
manner as on the MACD bus side of the MCU. If an error is detected, 
ABCHK can be corrupted and in this fashion report the error. An alternate 
method of checking the storage array buffers is to use buffer packages with 
no more than four buffers per package so that the special ECC protection in 
the MCU may detect buffer failures. 


WE 


0* 


When WE is asserted, the MCU indicates that a write operation is to be per- 
formed in the storage array. 
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Table 2. iAPX 43205 MCU Pin Description (Continued) 



Symbol 


Type 


Name and Function 


Memory Bus Arbitration Group 


DEIN 


0* 


When DEIN is asserted, the MCU indicates that the SLAD19 . . SLADO sig- 
nals are ready to accept information from the storage array into the MCU. 


REFRESH 


0* 


When REFRESH is asserted the MCU indicates that the storage array cycle 
is a refresh cycle. In systems with multiple bank dynamic RAM storage ar- 
rays, the REFRESH signal may be used to command the storage array 
sequencing logic to perform an appropriate cycle (e.g., RAS-only refresh for 
all banks). In a storage array with a single bank of dynamic RAMs the 
REFRESH signal need not be used. 


System Group 


VCC2..VCC0 




Three VCC pins supply 5-volt power to the BIU/MCU. All three pins must be 
connected. The three VCC pins are not connected together inside the 
component. 


VSS2..VSS0 




Three VSS pins provide ground to the BIU/MCU. All three pins must be 
connected. The three VSS pins are not connected together inside the 
component. 


CLKA 


1 


CLKA is a square-wave clock for the BIU/MCU. CLKA must operate con- 
tinuously to preserve the operating state of the component. 


CLKB 


1 


CLKB is a square-wave clock for the BIU/MCU. CLKB is the same frequen- 
cy as CLKA but lags CLKA by 90 degrees. CLKB must operate continuously 
to preserve the operating state of the component. 


INff 


1 


INIT is a signal that Causes the BIU/MCU to initialize. In addition, INIT is used 
to enable external logic which provides configuration information to the 
component. 



Input signal 

Output signal 

Input/Output signal 

FRC errors cause module error 

FRC errors cause bus error 

Asserted low 



Legend: I = 
O - 
I/O - 
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IAPX 43204 FUNCTIONAL DESCRIPTION 

This section describes how the iAPX 43204 Bus 
Interface Unit operates through a set of functional 
diagrams that trace the operation of the pins clock- 
by-clock. To understand the notation on the various 
waveforms, refer to Figure 13. It illustrates the gen- 
eral operation of the BIU as it accepts a memory 
read request from a processor, forwards the request 
to a Memory Control Unit (MCU), and returns the 
reply data to the processor. 

The cycle numbers (0, 1, 2, . . . ) at the top of each 
diagram enumerate the clock cycles. When a com- 
mon group of signals is plotted, its value is dis- 
played inside a data waveform. For example, the 
BIU signals MACD15 . . . MACDO are all high in 
cycles 0 through 4. In cycle 5, the MACD bus carries 
the value 0300H and in cycle 6 the value 0000H. 

Notice that in Figure 13, the BIU receives a proces- 
sor request (PRQ) in cycle 0. The ACD bus carries 
the information 0B00H in cycle 1 (the specification 
field on the high-byte and addresses A7 ... AO on 
the low-order byte) and 0000H in cycle 2 (the 
address bits A23 . . . A8) for the access. Reorganiz- 
ing the information, it is apparent that the BIU has 
been provided a processor request with a specifica- 
tion field of OBH and a 24-bit physical address of 
000000R Referring to the GDP or IP data sheets, the 
specification field can be decoded as follows: 



000010 11 



L_ 



Binary version of OBH 

Unclassified memory access (other) 
Length (4 Bytes) 

Not a read-modify-write operation 
Read operation 
Memory access 



Once the processor has presented the request to 
the BIU, the BIU presents ICS (Interconnect Status) 
to the processor indicating that the processor is to 
wait for the data to be returned by the BIU and the 
memory system. In cycle 4, the BIU issues the 
NREQOUT signal (not shown) and observes NREQ 
and RQ immediately. Though not shown, no con- 
tention with any other processor is observed on the 
CONT pin. In cycle 5, the BIU asserts MBOUT to 
control its external TTL buffers to drive the memory 
bus and presents a two-cycle memory read request 
message. The MACD bus carries the memory bus 
specification code (high-order byte) and the physi- 
cal memory address bits (A7 . . . AO) in cycle 5, and 
the remaining 16 address bits (A23 . . . A8) in cycle 
6. Referring to the Memory Bus appendix of the 
Interconriect ARM, the memory bus specification 
field of 03H is decoded as follows: 



0000 0011 



L 



Binary version of 03H 

LLLL code for length of 4 bytes 
Memory read operation 



In cycles 10 and 11, the MCU that serviced the 
request presents the data that it read from the stor- 
age array, least significant bytes first. The returned 
bytes in the example are: 2AH, 03H, 9 AH, 8CH. In 
cycles 15 and 16, the BIU presents the same data to 
the processor and indicates the availability of each 
byte with ICS. 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 



CLKA 
ACD 
PRQ 
ICS 
RQ 
NREQ 



r oooXoBoo \ 



MBOUT 
MACD 
CTL 
CHK 



" \ 0300 V 



Figure 13. 4-Byte Memory Read 
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Figure 13. 4-Byte Memory Read (continued) 




Figure 14. Hardware Configuration for Memory 
Read/Write Examples 



Figure 15 illustrates the steps that occur when a 
processor requests a 4-byte write at physical mem- 
ory address 0. The hardware system for this exam- 
ple includes one processor, one BIU, one memory 
bus, one MCU, and one storage array (see Figure 
15). In cycle 0, the processor emits the processor 
request signal (PRQ=1 ) along with the specification 
field and the low-order address byte on the ACD 
signals. The specification field (high-byte of the f i rst 
double-byte) in this example is 4BH and the low- 
order address byte (low-byte of the first double- 
byte) is 00H. In cycle 1, the processor emits the 
high- and mid-order address bytes on the ACD 
signals. In this example, the high- and mid-order 
address ;bytesareOOH. The BIU deasserts ICSOUT 
(not shown) which, after an external logical inver- 
sion, provides the ICS signal (interconnect Status) 
to the processor. The deasserted ICS is used to 
stretch the processor access cycle (generate wait 
states). The processor presents the first double- 
byte of data to be written in cycle 4, but because ICS 
is deasserted, the processor must stretch the data 
into cycle 5 before the BIU will accept it. In cycle 5, 
the processor provides the second double byte of 
data to be wirtten (0000H). Notice that the BIU 
deasserts ICS to hold the processor until the entire 
request is actually satisfied by the MCU and 
memory array. 
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In cycle 4, the BIU presents the request to the 
memory bus arbitration logic. Since only one pro- 
cessor is in the system, the NREQ (output) and RQ 
input signals are asserted but no contention (CONT 
signal is not shown) is detected. Thus, the write 
access proceeds immediately to the memory bus 
(MACD/CTL, and CHK signals). In cycles 5 through 
8, MBOUT is asserted by the BIU to direct external 
buffers to pass the BIU request to the memory bus. 
The first two double-bytes of the request contain a 
specification byte and three address bytes. The 
information in these two double-bytes is a modified 
version of that received from the processor ACD 
bus. The high-order byte of the memory address is 



contained in the low-order byte of the first double- 
byte. The mid- and low-order bytes of the memory 
address are contained, respectively, in the high- 
order and low-order bytes of the second double 
byte. MBOUT remains asserted while the two 
double-bytes of the write request are provided by 
the BIU. The MCU performs the access and returns 
a write reply (CTL=6) in cycle 10. The BIU asserts 
ICS for the processor in cycle 14, allowing the pro- 
cessor to escape from the stretched write cycle that 
it had entered earlier. In this case, no error occurred 
during the access. However, had there been an 
error, the level of ICS in cycle 15 would indicate the 
error to the processor. 




Figure 15. 4-Byte Memory Write 
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Figure 15. 4-Byte Memory Write (continued) 

MULTIPLE MODULE ACCESS READ- 
2-WAY INTERLEAVING 

The Figures 16 and 17 illustrate the interconnect 
system's ability to support interleaving of memory 
requests among two memory busses. The hardware 
configuration pictured in Figure 16 contains one 
processor, two BlUs, two memory busses, two 
MCUs, and two storage arrays. The two BlUs are 
initialized to perform 2-way interleaving of memory 
requests based on bit 6 of the physical address that 
the processor provides. Specifically, that portion of 
a request with bit 6 of the physical address equal to 
zero is serviced by memory bus 0. That portion of a 
request with bit 6 of the physical address equal to 
one is serviced by bus 1. 

In the example that follows, an 8-byte read at physi- 
cal memory address 00003DH is requested. As Fig- 
ure 16 indicates, the two BlUs each recognize the 
portion of the request that is supported by the bus to 
which they are connected. The BIU on bus 0 (BIU0) 
services the first 3 bytes of the access (03DH . . . 
03FH) and the BIU on bus 1 (BIU1) services the 
remaining 5 bytes (040H . . . 044H). In the interleav- 
ing process, the BlUs reorder the physical address 
bits, based on the selected interleaving, to present 
requests to the MCU in a linear address space. A 
BIU transforms its portion of the request by replac- 
ing address bit 23 of the physical address with 



address bit 6, and shifting original address bits 
23 ... 7 to the right by one position. Jhe reordered 
result (6,23 ... 7,5 ... 0) is forwarded to the respec- 
tive memory bus. The BIU1 translation of physical 
address 000040H to memory bus 2 address 800000H 
illustrates the address interleaving operation. 
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Figure 16. Hardware Configuration for MMA Read 
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Referring to Figure 17 for this operation, notice that 
the processor emits its request just as in earlier 
examples. However, in this case, two BlUs recog- 
nize that they each must participate in the request. 
Thus, BIU0 asserts MMAL and BIU1 asserts MM AH 
indicating that a multiple module access is required 
to complete this access. The two BlUs then present 
their requests to their respective memory busses 
after performing the address interleaving as des- 
cribed above and each access continues independ- 



ently. Once both accesses have completed, the 
BlUs cooperate to return the data to the processor. 
BIU0 provides the first 3 bytes and BIU1 returns the 
final 5 bytes. Notice, in cycle 23, that BIU0 provides 
the low byte (25H) and BIU1 provides the high-byte 
(F5H). Thereafter, BIU1 provides its remaining bytes 
with the byte significance that is required by the 
processor. By this cooperation, the processor is 
unaware that two BlUs were involved in the opera- 
tion. 
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Figure 17. Multiple Module Access Read— 2-Way Interleaving 
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Figure 17. Multiple Module Access Read— 2-Way Interleaving (cont) 



MULTIPLE MODULE ACCESS WRITE— 
2-WAY INTERLEAVING 

The following multiple module access is also per- 
formed on the same hardware configuration shown 
in Figure 16 with modified interleaving characteris- 
tics. In this case, the system is initialized with 2-way 
interleaving on address bit 7 (see Figure 19). There- 
fore, the 8-byte multiple module access write to 
physical address 00007DH is transformed into two 
memory bus requests: bytes 000040H . . . 000044H 
on bus 0 a nd byte s 80 003DH . . . 80003FHon bus 1. 
Again, the MMAH and MMAL signals coordinate the 
multiple module access and each bus operates 
independently (see Figure 20). 




Figure 18. Hardware Configuration for MMA Write 
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Figure 19. Multiple Module Access Write— 2-Way Interleaving 
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Figure 19. Multiple Module Access Write— 2-Way Interleaving (Continued) 
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GLOBAL INTERPROCESSOR 
COMMUNICATION (IPC) BUS BLURB 

Figure 20 illustrates the signaling of a global inter- 
processor communication message (IPC). The IPC 
is called a bus blurb since it is broadcast to all BlUs 
on the memory bus but does not require that any 
replies be generated. The delivery of the message is 
guaranteed by. a memory-based communication 
object; the bus blurb only serves as the low-level 
notification. A programmer invokes a global IPC by 
the instruction BROADCAST TO PROCESSORS. 
The processor performs the instruction by writing a 



value (00H) to the IPC interconnect register (address 
02H) in the associated BIU. In cycle 0, the processor 
emits a specification field (C7H). In cycles 0 and 1, 
the processor provides the interconnect address 
(000002H). In cycle 2, the processor provides the 
destination processor ID (0000H represents all pro- 
cessors, the global ID). Notice that the BIU stretches 
the processor (ICS=0) until the delivery of the global 
IPC is completed (cycle 10). 




Figure 20. Global Interprocessor Communication (IPC) Bus Blurb 
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MACD CORRUPTION AND PARITY ERROR 

Figure 22 illustrates the process of detecting and 
reporting' a memory bus parity error to the serial 
error reporting network. This reporting method is 



common to all errors that are detected by the inter- 
connect system. The error reporting paths for this 
example are illustrated in Figure 21. 



STORAGE 
ARRAY 



STORAGE 
ARRAY 



Figure 21. Hardware Configuration for Error Reporting 
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PHASE 1— DETECTING AND REPORTING 
THE PARITY ERROR ON BERL 

In cycle 3, bit 1 of the memory bus (MACD signals) is 
corrupted with a zero causing the MACD data to 
change from FFFFH to FFFDH. This causes a parity 
error on the memory bus that must be reported to 
the interconnect system. The reporting process 
begins in cycles 5 and 6 when the BERL1 signal 



(driven by BERLOUT) carries the start code of the 
serial error report. In cycles 7 through 21, \jne mes- 
sage is propagated along the bus error report path 
associated with bus 0. The message sent is (com- 
plement of the levels on the BERL1 signals): 



2 

7 1 

010000(X)0000101 

s eeee bbb mmmmmm p 
3210 210 543210 



0 1000 000 



000010 



Cycle numbers 

Binary serial error message on BERL1.PATH0 

Reformatted serial error report message 

Parity bit 
Module number 
Bus number 
Error code 
Sequence 



The error report codes are described in the iAPX 432 
Interconnect Architecture Reference Manual, order 



no. 172487 (see BIU Register 00— Error Report 
Log). 



PHASE 2— BROADCASTING THE ERROR 
ON MERL 

Once the full serial message has propagated along 
the memory bus, each BIU that received it repeats 



the message along the module error report line path 
(MERL1 and MERL2). This time, the error report 
message is: 



2 3 
5 9 

110000000000100 



s eeee 
3210 

0 1000 



bbb 
210 

000 



mmmmmm 
543210 

000010 



L_ 



Cycle numbers 

Reformatted serial error report message 

Reformatted serial error report message 

Parity bit 
Module number 
Bus number 
Error code 
Sequence 
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PHASE 3— REBROADCASTING THE ERROR 
ON ALL BERL PATHS 

In cycle 42, the message is again rebroadcast, this 
time along all the bus error report line paths. The 
message sent is: 

4 5 

4 8 Cycle numbers 

Binary serial error message on BERL1.PATH0 



Reformatted serial error report message 

Parity bit 
Module number 
Bus number 
Error code 
Sequence 

Once this three-step reporting process is com- 
pleted, all modules have been informed of the error. 



110000000000100 



s eeee bbb mmmmmm p 
3210 210 543210 

1 1000 000 000010 0 
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Figure 22. MACD Corruption Causing Parity Error 
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Figure 22. MACD Corruption Causing Parity Error (continued) 
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Figure 22. MACD Corruption Causing Parity Error (continued) 
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Figure 22. MACD Corruption Causing Parity Error (continued) 
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Figure 22. MACD Corruption Causing Parity Error (continued) 
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TEST DETECTION COMMAND 

The Test Detection command is a special command 
that requests a BIU to test the detection hardware 
contained inside the component. It checks all the 
FRC circuitry, memory bus parity generator/check- 
ers, and buffer checking logic. The hardware con- 
figuration for this example is the same as that for the 
previous example (see Figure 21). When the com- 
mand has been performed an error report message 



is generated, just as in the previous example. When 
the test is successful, the message indicates "no 
error." When any of the detection circuitry has failed, 
the message indicates "module error." In this exam- 
ple, the detection circuitry is operating properly and 
phase 1 of the serial error reporting sequence con- 
tains the "no error" message starting in cycle 5 (see 
Figure 23). 
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Figure 23. Test Detection Command 
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Figure 23. Test Detection Command (continued) 
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Figure 23. Test Detection Command (continued) 
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Figure 23. Test Detection Command (continued) 
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Figure 23. Test Detection Command (continued) 
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MACD BUS ARBITRATION 

Figure 24 illustrates two processors as they simul- 
taneously issue memory requests. Since the re- 
quests are both serviced by the same memory bus 
and MCU, arbitration is performed to select the first 
request that should be presented. The hardware 
configuration consists of two processors (proces- 
sor modules 2 and 6), two BlUs, one memory bus, 
one MCU, and one storage array (see Figure 25). 

In cycle 0, both processors issue a request indicated 
by the respective processor request signals, 
PRQ.PROC2 and PRQ.PROC6. In cycle 4, the asso- 
ciated BlUs present their requests to the memory 
bus (NREQ=0, RQ=0) and each notes that another 
BlU is also contending (CONT=0) for the use of the 



memory bus. The BlUs resolve the contention by 
examining the individual bits of their respective log- 
ical IDs, beginning with the most significant bit. In 
this case, the default logical ID is a bit-reversed 
version of the module ID. In cycle 4, each BlU notes 
contention. In cycle 5, each BlU still notes conten- 
tion. In cycle 6, the BlU serving module 2 wins the 
arbitration and issues its request to the memory bus. 
Overlapped with the first request, the BlU in module 
6 reissues its request for the memory bus (RQ=0 in 
cycle 9) and detects no contention. However, each 
BlU monitors the memory bus and the BlU in 
module 6 waits for the current bus activity to com- 
plete before its request can be placed on the bus. 
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Figure 25. Hardware Configuration for Memory Bus Arbitration 
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Figure 24. MACD Bus Arbitration 
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Figure 24. MACD Bus Arbitration (continued) 
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Table 3. iAPX 43204 Clock Edge Table 



Signal 


Pln(s) 


Input Sample 


Output Drive 


Clock 


Edge 


Clock 


Edge 


Inputs 












MERL 


44 


CLKA 


Rising 


n/a 




DCDI -4 

BfcRLl 


no 
OO 


CLKA 


Ris l n 9 


n/a 




BERL2 


39 


CLKA 


Rising 


n/a 




ICS 


48 


CLKA 


Rising 


n/a 




INIT 


37 


CLKA 


Rising 


n/a 




RQ 


9 


OLIXA 


railing 


n/a 




CONT 


10 




Falling 


n/a 




NREQ 


5 




Falling 


n/a 




PRQ 


49 


ULKb 


Rising 


n/a 




Outputs 












i imi ^ni it* 

MERLOUT 


46 


n/a 




CLKA 


Rising 


BERLOUT 


40 


n/a 




CLKA 


Rising 


IT" 

ICSOUT 


47 


n/a 




CLKB 


Rising 


/*m r"*r*»i i /-\ i it* 

CLRPUOUT 


45 


n/a 




CLKB 


Rising 


Input/Output 












MMAH 


50 


CLKA 


Rising 


CLKA 


Rising 


MMAL 


51 


CLKA 


Rising 


CLKA 


Rising 


ACD15 ... 0 


1, 54-68 


CLKB 


Rising 


CLKB 


Falling 


MACD15 ... 0 


13-28 


CLKA 


Rising 


CLKB 


Rising 


CTL2 ... 0 


29-31 


CLKA 


Rising 


CLKB 


Rising 


CHK1 ... 0 


11, 12 


CLKA 


Rising 


CLKB 


Rising 


MBOUT 


32 


CLKA 


Rising 


CLKA 


Rising 


NREQOUT 


4 


CLKA 


Falling 


CLKA 


Falling 


RQOUT 


6 


CLKA 


Falling 


CLKA 


Falling 


BCHK 


7 


CLKA 


Rising 


CLKB 


Rising 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Range , 0°C to 70°C 

Storage Temperature -65°Cto +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0Vto+7V 

Power Dissipation 2.2 Watt 



'NOTICE: Stresses above those listed under "Abso- 
lute Maximum Ratings ' ' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the oper- 
ational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



iAPX 43204 DC Characteristics 



Symbol 


Description 


Min 


Max 


Units 


Vile 


Clock input low voltage 


-0.5 


+0.8 


V. 


Vihc 


Clock input high voltage 


3.2 


Vcc+0.5 


V. 


Vil 


Input low voltage 


-0.5 


+0.8 


V. 


: Vih 


Input high voltage 


2.0 


VCC+0.5 


V. 


Vol 


Output low voltage 




0.45 


V. 


Voh 


Output high voltage 


2.4 


VCC 


V. 


Hi 


Input leakage current (measured at Vin=VCC) 




±10 


MA. 


Ho 


Output leakage current (measured at 0.45 V. < Vout 
< VCC) 




±10 


mA. 


loh 


Output high current (measured at 2.6 V.) 


-2 




mA. 


lol 


Output low current (measured at 0.45 V.) 


4 




mA. 


Ice 


Power supply current (sum of VCC0, VCC1 , VCC2) 




400 


mA. 



All DC parameters are guaranteed over the following conditions: 

VSS2..VSS0 = 0 Volts 
VCC2..VCC0 - 5.0 Volts ± 5% 

The absolute value of the differential DC voltage between any of the VCC pins (VCC2..VCC0) must be less than 0.1 
Volts. This is normally guaranteed by connecting the three VCC pins to the same printed circuit power trace. 
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iAPX 43204 AC Characteristics 

Ambient temperatrue range of 0°C to 70°C 







5 MHz 


7 MHz 


8 MHz 


Unit 


Mln 


Max 


Min 


Max 


Min 


Max 


Vf 


Clock rise and fall times 




13 




11 


0 


10 


nsec 


t-J.t2.t3.t4 


Clock pulse width 


37 


250 


25 


250 


24 


250 


nsec 


*cy 


Clock cycle time 


200 


1000 


143 


1000 


125 


1000 * 


nsec 


*cd 


Clock to signal delay time 




70. 




60 




55 


nsec 


tdh 


Clock to signal hold time 


20 




17 




15 




nsec 


*en 


Clock to signal output enable time 


20 




17 




15 




nsec 


*df 


Clock to signal data float time 




50 




44 




40 


nsec 


*dc 


Signal to clock setup time 


30 




26 




24 




nsec 


*ie 


Initialization period 


20 


100 


20 


100 


20 


100 


*cy 



All AC parameters are guaranteed over the following conditions- 
Ambient temperature range of 0 degrees Centigrade to 70 degrees Centigrade 

VSS2 , . . VSS0 = 0 Volts 

VCC2 . . . VCC0 = 5.0 Volts ± 10% 

100 picoFarad external load capacitor on all output pins 



iAPX 43204 Capacitance Data 

Conditions: Ta = 25°C 

VCC - 5.0 Volts, GND = 0.0 Volts 

f(test)= 1.0 MHz 

Inputs held at 0.0 Volts 

All outputs in high impedance state 

All input/output pins are classified as outputs 



Symbol 


Description 


Max 


Unite 


Cin 


Input Capacitance 


6 


PF 


Cout 


Output Capacitance 


12 





V 
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WAVEFORMS 



iAPX 43204 Clock Input Specification 
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iAPX 43204 Initialization Timing 
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WAVEFORMS (Continued) 



iAPX 43204 Input Timing Specification 



CLKA 



MERL, BER L1, BERL2, 
MMAL, MMAH, MACD(15-0) 
CTL(2-0), CHK(MO) 
MBOUT, BCHK 
ICS 



RQ, CONT, NREQ, 
NREQOUT, RQOUT 



INVALID 



A 



DATA 



■dh 



INVALID 



Y" 



INVALID 



DATA ^ INVALID 



ACD(15-0) 
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v. 

WAVEFORMS (Continued) 



iAPX 43204 Output Timing Specification 



CLKA 



NREQOUT, 3-STATE OR PREVIOUS 
RQOUT DATA 



MERLOUT 
BERLOUT 



MMAL 
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I 



'cd 



DATA ' 



X 



I 
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I 
J 



"Y" 



CLKB 
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CHK(1-0), CTL(2-0), 
MACD(15-0), BCHK 
ICSOUT, CLRPUOUT 



i 



3-STATE OR 
PREVIOUS DATA 



X 



'cd 



3-STATE OR 
PREVIOUS DATA 



ACD 
DATA 



X 



'cd 



Y" 



•df 



MAGD 
DATA 



T 
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iAPX 43205 FUNCTIONAL DESCRIPTION 

This section describes how the iAPX 43205 Memory 
Control Unit (MCU) operates. It contains a set of 
diagrams that present the clock-by-clock activity of 
the pins on an MCU component. To understand the 
notation on the waveforms, refer to Figure 26. It 
illustrates a 32-bit memory read operation of physi- 
cal memory array address 00000H. 

the cycle numbers (0, 1, 2, . . . ) at the top of each 
waveform enumerate the clock cycles. When a 
common group of signals is plotted, its value is 
displayed inside a data waveform. For example, the 
MACD signals (MACD15 . . . MACDOJareallhighin 
cycle 0, carry the hexadecimal value 0300H in cycle 
1, and are all low in cycle 3. The MACD signals 
(MACD15 . . . MAC DO) carry the values 0300H in 
cycle 1 and 0000H in cycle 2. The first double byte of 
the access contains the specification field (03H— 
the high byte of the first double byte) and the low- 
order address byte (00H— -the low byte of the first 
double byte) of the memory address. The second 
double byte of the access contains the high- (00H) 
and mid-order (00H) address bytes. This example 
illustrates a double byte read performed at physical 
memory address 00000H. Also, notice that the 
SLAD pins (SLAD19 . . . SLADO) are represented 
with a 5-digit hexadecimal value. 

Consider the SLAD group in theexamRle. In the last 
half of cycle 3 and during cycle 4, the SLAD group 
carries the value 00000H, the storage array address 
for the access. In cycle 5 the array returns read data 
of 42200H, and in cycle 6 the array responds with 
DC664H. In this example, the storage array is physi- 
cally 20-bits wide, and the least significant physical 
bit is a spare bit. Thus, to interpret the actual data 
present on the SLAD wires, a logical shift is neces- 
sary to align the data as it will be presented on the 
MACD signals. 

Original SLAD Information 

Cycle 5 4 2 2 0 0 Hexadecimal 

0100 0010 0010 0000 0000 Binary 

J Spare Bit 

Cycle 6 D C 6 6 4 Hexadecimal 

1101 1100 0110 0110 0100 Binary 



Cycle 5 contains the least significant information, 
and cycle 6 contains the most significant informa- 
tion. The least significant bit of cycle 5, the spare bit, 
is not used in this case. Thus, the actual data and 
ECC information transferred on the SLAD signals is 
formed by concatenating the low- and high-order 
SLAD data groups and deleting the low-order spare 
bit. The 7 ECC bits occupy the high-order 7 bits of 
the result, and the 32 data bits occupy the low-order 
portion. 



Original SLAD Information 

DC66442200 
1101 1100 0110 0110 0100 0100 0010 0010 0000 0000 

I 



0 31 
ECC 



Data 



0 Spare bit 



Spare Bit Removed 

6,E 3 3 2 2 1 1 0 0 
110 1110 0011 0011 0010 0010" 0001 0001 0000 0000 

6 0 31 0 

ECC Data 



The 32-bit value 33221100H is returned to the MACD 
bus with the low-order 16 bits in cycle 7 and the 
high-order 16 bits in cycle 8. The 7-bit ECC value is 
checked by the MCU and is not transferred to the 
MACD signals. 

These waveforms are accurate cycle-to-cycle repre- 
sentations of MCU function. They are/iot meant to 
serve as diagrams of exact component timing. For 
example, the diagrams depict MACD data being 
issued from the MCU at the functional clock boun- 
daries for the rising edge of CLKA. The MCU actu- 
ally sources MACD information on the rising edge 
of CLKB. Always refer to the precise electrical spec- 
ifications, AC specifications, and timing diagrams 
when detailed timing information is required. The 
functional diagrams are intended to succinctly sum- 
marize the functions of the MCU. 
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Figure 27. MCU and External Hardware Configuration 



HARDWARE CONFIGURATION FOR 
MEMORY READ AND WRITE OPERATIONS 

Figure 27 is the basis for demonstrating MCU 
memory read and write operations. In each memory 
read and memory write example, the appropriate 
command is presented to the MCU from the MACD 
(memory) bus and the MCU performs the operation 
to completion. Each memory operation assumes 
the following hardware configuration for the logic 
external to the MCU. Notice that external logic 
accepts the RAS, WE, and DEIN signals and produ- 
ces the precise timing signals which are required by 
the associated dynamic RAM storage array. In the 
diagrams which follow, only signals which are pres- 
ent on the MCU signal pins are displayed. 

MEMORY READ OPERATIONS 

Figure 26 (Normal Aligned Read) illustrates a mem- 
pry read operation that returns two double bytes (4 
bytes) from the memory subsystem, typical for iAPX 
432 GDP instruction fetch cycles. 

Figure 28 (Normal 2-byte Read) illustrates a mem- 
ory read operation that returns a single double byte 
operand. 



Figure 29 (Normal Nonaligned Read) illustrates a 
4-byte memory read operation that is not aligned to 
a 4-byte boundary, the natural boundary for instruc- 
tion fetches and 32-bit operands. In this case, the 
MCU must perform two separate storage array 
accesses to acquire the 4 bytes. 

Figure 30 (4-byte Read with Extended Access) illus- 
trates a programmable option on the MCU that 
accommodates storage arrays that require longer 
memory access cycles. With the extended access 
option, the MCU extends RAS one cycle and delays 
DEIN one cycle to allow the external array sequenc- 
ing logic to extend the storage array cycle. 

Figure 31 (Staged Read with Correctable Error) 
demonstrates how an MCU can stage (hold) mem- 
ory data until all ECC detection and correction is 
performed. Without selecting the staging option, a 
MCU would normally present the memory data it 
acquired to the MACD bus as in other memory read 
cycles. However, should an error be detected, the 
MCU would signal (BERLOUT) to inform a BIU that 
data it had been given was invalid, and the BIU 
would retry the access. 
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Figure 28. Normal 2-byte Read 
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Figure 26. Normal Aligned Read 
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Figure 29. Normal Nonaligned Read 




Figure 30. 4-Byte Read with Extended Access 
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Figure 31. Staged Read with Correctable Error 



MEMORY WRITE OPERATIONS 

Figure 32 (Normal 2-byte Write) illustrates a mem- 
ory write operation that stores a single double byte 
operand. 

Figure 33 (Normal Aligned Write) illustrates a mem- 
ory write operation that stores a 4-byte operand 
aligned to a 4-byte boundary. 

Figure 34 (Normal Nonaligned Write) illustrates a 
4-byte memory write operation that is not aligned to 



a 4-byte boundary. In this case, the MCU must per- 
form two separate storage array accesses to store 
the 4 bytes. 

Figure 35 (4-byte Write with Extended Access) illus- 
trates a programmable option on the MCU that 
accommodates storage arrays which require longer 
memory access cycles. With the extended access 
option, the MCU extends RAS one clock cycle and 
delays DEIN one clock cycle to allow the external 
array sequencing logic to extend the storage array 
cycle. 
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Figure 32. Normal 2-byte Write 
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Figure 33. Normal Aligned Write 
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Figure 34. Normal Nonalfgned Write 




Figure 34. Normal Nonaligned Write (continued) 
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Figure 35. 4-byte Write with Extended Access 




Figure 35. 4-byte Write with Extended Access (continued) 
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MEMORY REFRESHING OPERATIONS 

Figures 36 and 37 illustrate an MCU performing two 
types of storage array refreshing operations. The 
MCU performs a Normal Refresh Cycle to satisfy 
standard dynamic RAM refresh requirements. 
External logic must use the REFRESH signal to 
generate the appropriate storage control signals 
(e.g., RAS-only refresh). The MCU performs a 
Scrub Refresh Cycle to cleanse the memory array of 
latent ECC errors by periodically reading the stor- 
age array and writing back a corrected version of 
data for any correctable errors it detects. Each of 
these diagrams utilize the same hardware configu- 
ration as the memory read and write operations 



0123456789 




Figure 36. Normal Refresh Cycle 



described earlier. However, the MCU performs the 
refreshing operations independently of any com- 
mands from the MACD bus. 



INTERCONNECT REGISTER OPERATIONS 

Figures 38 and 39 illustrate the reading and writing 
of interconnect registers that are located on the 
MCU. Refer to the iAPX 432 Interconnect Architec- 
ture Reference Manual for a detailed description of 
specific interconnect registers. These diagrams 
illustrate general interconnect register operations. 
Later, specific commands are demonstrated that are 
invoked by interconnect register operations. 
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Figure 37. Scaib Refresh Cycle 




Figure 38. Interconnect Register Read 
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Figure 39. Interconnect Register Write 



TEST DETECTION COMMAND 

The Test Detection command is used to check that 
the detection circuits in the MCU are operating cor- 
rectly. The command is invoked by an interconnect 
register write to the Test Detection register address 
(see the iAPX 432 Interconnect Architecture Refer- 
ence Manual). The iAPX 432 instruction MOVE TO 
INTERCONNECT, executed on a GDP, causes the 
interconnect write cycle. The MCU reports the sta- 
tus of the test via the three-phase error report 
method described earlier. (See BERLOUT pin des- 
cription.) If the test found no errors, the "no error" 
message is sent. If the test encountered an error, the 
"module error" message is sent. 



Two Test Detection executions are shown in Figures 
40 and 41, one each for the master and checker 
components in a FRC pair. Each of the diagrams 
consist of five parts. The two components operate 
identically except for the manner in which they 
check the BUSSEL signal (see cycles 10 and 11). 
The master operates the memory bus detection cir^ 
cuits with BUSSEL=0. The checker issues the com- 
plement, BUSSEL=1. External logic checks the two 
BUSSEL signals and reports the disagreement on 
the BCHKIN/M input. 
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" Figure 40. Test Detection—Master 
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Figure 40. Test Detection— Master (continued) 
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Figure 40. Test Detection—Master (continued) 



CTL 
CHK 
SLAO 
RAS 
DEIN 
WE 
ABCHK 



BCHK 
BCHKIN/M 
BERLOUT 



0 


1 


2 


3 


4 


5 


6 


1 


8 


9 


10 


11 


12 


13 












. 41E0 3 


L i£Slj 


' 














A 














: 1 - 




























, 


I ( 




































































""V_. 




"717' 






















































































J 








' I 








l - 




L, J 




\ 








k. - 


1 — 


P- . 




r— 


, 


/ 






i 4 


\ i 










r— i 



























Figure 41. Test Detection— Checker 



6-140 



210963-002 



iAPX 43204, 43205 



CLKA 
MACD 

CTL 

CHK 

SLAO 

RAS 

DEIN 

WE 



BCHK 
BCHKIN/M 



14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 










"" """^ 






r , 
















p 


























































DC66H 












































































































































^ i 




^ i 




i 








* ■ 




L. 




t 4 




»- ^ 


' ' 


' ' 




r— ' 








< i 






















r— < 


' 1 


r 






















1 







Figure 41. Test Detection— Checker (continued) 
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Figure 41. Test Detection— Checker (continued) 
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CLEAR MEMORY COMMAND 

The Clear Memory command is invoked by an inter- 
connect register write to the Clear Memory register. 
The MCU performs the command by writing zero 
data and appropriate ECC information to all storage 
array locations. The same hardware configuration 
that was used for memory read and write cycles is 
assumed. The MCU returns a reply to the requester 
as soon as it accepts the command but will not 
perform any further requests until it has cleared the 
memory. As seen in Figure 42, the MCU issues 



storage array write cycles beginning at the highest 
storage array address (in this case, 03FFFH) and 
decrements through remaining addresses (03FFEH, 
03FFDH, . . .). Notice that the ECC and zero data 
information changes for each successive cycle 
(B000000000H, D200000000H, A§00000000H, etc.), 
This occurs because ECC is computed across data 
and address information. This process continues 
until all storage locations have been cleared. Only 
the first few cycles of the process are demonstrated. 




Figure 42. Clear Memory Command 
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Figure 42. Clear Memory Command (continued) 
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Figure 42. Clear Memory Command (continued) 
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Table 4. IAPX 43205 Clock Edge Table 



Signal 


Pin(s) 


Input Sample 


Output Drive 


VslOCK 


cage 


UIOCK 


cage 


Inputs 












INIT 


37 


' PI KA 


Rising 


n/a 




BERL1 


38 


PI KA 


Rising 


n/a 




BERL2 


39 


PI k"A 


Rising 


n/a 




RQ 


9 


PI k"A 


Polling*! 

railing 


n/a 




CONT 


10 


C)LKA 


Falling 


n/a 




BCHKIN/M 


4 


CLKA 


Rising 


n/a 




ABCHK 


45 


CLKA 


Rising 


n/a 




Outputs 












RAS 


48 


n/a 




PI KA 


railing 


DEIN 


47 


n/a 




PI k"A 


Pal I inn 

railing 


WE 


46 


n/a 




CLKA 


Falling 


REFRESH 


44 


n/a 




CLKA 


Falling 


BERLOUT 


40 


n/a 




CLKA 


Rising 


BCHK 


6 


n/a 




CLKB 


Rising 


BUSSEL 


5 


n/a 




CLKA 


Rising 


Input/Output 












MACD15 ... 0 


13-28 


CLKA 


Rising 


CLKB 


Rising 


CTL2 ... 0 


29-31 


CLKA 


Rising 


CLKB 


Rising 


CHK1 ... 0 * 


11-12 


CLKA 


Rising 


CLKB 


Rising 


MBOUT 


32 


CLKA 


Rising 


CLKA 


Rising 


SLAD19 ... 0 


1-2, 51-68 


CLKA 


Rising 


CLKA 


Falling 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Range 0°C to 70°C 

Storage Temperature - 65°C to + 1 50°C 

Voltage on Any Pin with 

Respect to Ground - 1 .0V to 4- 7V 

Power Dissipation 2.5 Watt 



*NOTICE: Stresses above those listed under "Abso- 
lute Maximum Ratings " may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the oper- 
ational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



iAPX 43205 DC Characteristics 



Symbol 


Description 


Min 


Max 


Units 


Vile 


Clock input low voltage 


-0.5 


+0.8 


V. 


Vihc 


Clock input high voltage 


3.2 


Vcc+0.5 


V. 


. Vil 


Input low voltage 


-0.5 


+0.8 


V. 


Vih 


Input high voltage 


2.0 


VCC+0.5 


V. 


Vol 


Output low voltage 




0.45 


V. 


Voh 


Output high voltage 
SLAD19..0 
Other outputs 


2.6 
2.4 


VCC 
VCC 


V. 
V. 


Hi 


Input leakage current (measured at Vin=VCC Volts) 




±10 


/*A. 


Ho 


Output leakage current (measured at 0.45 Volts < Vout 
< VCC Volts) 




±10 


ilk. 


loh 


Output high current (measured at Vout=2.6 V.) 


-2 




mA. 


lot 


Output low current (measured at Vout =0.45 V.) 


4 




mA. 


Ice 


Power supply current (sum of VCC0, VCC1 , VCC2) 




450 


mA. 



All DC parameters are guaranteed over the following conditions: 

VSS2..VSS0-0 Volts 0 
VCC2..VCC0 = 5.0 Volts ± 1 0% 

The absolute value of the differential DC voltage between any of the VCC pins (VCC2..VCC0) must be less than 0.1 
Volts. This is normally guaranteed by connecting the three VCC pins to the same printed circuit power trace. 
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iAPX 43205 AC Characteristics 

Ambient temperature range of 0°C to 70°C 



Symbol 


Description 


5 MHz 


7 MHz 


8 MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


t r ,t f 


Clock rise and fall times 


- 


13 


- 


11 


- 


10 


nsec 


t-|,t 2 , t 3 , t 4 


Clock pulse width 


37 


250 


25 


250 


24 


250 


nsec 


*cy 


Clock cycle time 


200 


1000 


143- 


1000 


125 


1000 


nsec 


! cd 


Clock to signal delay time 




70 




60 




55 


nsec 


tdh 


Clock to signal hold time 


20 




17 




15 




nsec 


*en 


Clock to signal output enable time 


20 




17 




15 




nsec 


*df 


Clock -to signal data float time 




50 




44 




40 


nsec 


*dc 


Signal to clock setup time 


30 




26 




24 




nsec 


*mc 


MACD input setup time 


. 30 




26 




24 




nsec 


*ie 


Initialization period 


40 


100 


40 


100 


40 


100 


*cy 



All AC parameters are guaranteed over the following conditions: 

Ambient temperature range of 0 degrees Centigrade to 70 degrees Centigrade 

VSS2 . . . VSS0 = 0 Volts 

VCC2 ... VCC0 = 5.0 Volts ± 10% 

100 picoFarad external load capacitor on all output pins 



iAPX 43205 Capacitance Data 

Conditions: Ta = 25°C 

VCC = 5.0 Volfe, GND = 0.0 Volts 
f(test) = 1.0 MHz 

Inputs held at 0.0 Volts 1 

All outputs in high impedance state 

All input/output pins are classified as outputs 



Symbol 


Description 


Max 


Units 


Cin 


Input Capacitance 


6 


PF 


Cout 


Output Capacitance 


12 


PF 
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WAVEFORMS 



Clock Input Timing Specification 




Initialization Timing Specification 



CLKA 



\ 



f 



INIT 
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WAVEFORMS (Continued) 



iAPX 43205 Input Timing Specification 



CLKA 



BERL1 BERL2 

BCHKIN/NLABCHK, INVALID 
MBOUT 



X 



RQ, CONT, INVALID 



MACD(15-0), 
CTL(2-0) 
CHK(1-0) 



INVALID 



X 



X 



X 



PATA^ " 



INVALID 



X 



DATAX INVALID 



INVALID 
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WAVEFORMS (Continued) 



IAPX 43205 Output Timing Specification 



CLKA 



CLKB 



MACD (15-0) 



y \ /~\„j~~\ 



i 



CTL (2-0) f" 
CHK(1-0) V_ 
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DATA 



DATA 



ted 



BCHK 



DATA 



X 



DATA 



X 



DATA 



ted 



BERLOUT, 
MBOUT, 
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DATA^ DATA 



DATA 
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WAVEFORMS (Continued) 



Storage Array Bus Output Timing Specification 



CLKA 



SLAO (19-0) DATA 



DATA 



RA S.WE , 
DEIN, 
REFRESH 



DATA 



A 



DATA X DATA 



Storage Array Bus input Timing Specification 
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HARDWARE INTERFACING 

This section presents examples of hardware that 
interfaces iAPX 432 processors (the iAPX 43201/ 

43202 General Data Processor (GDP) and the iAPX 

43203 Ihterface Processor (IP), the iAPX 43204 Bus 
Interface Unit (BlU), and the iAPX 43205 Memory 
Control Unit (MCU) to one another (see Figure 44). 
These examples present some alternatives for build- 
ing iAPX 432 systems using the interconnect com- 
ponents. A wide variety of systems may be built with 
the interconnect components and this list of exam- 
ples explores only a few dimensions of the design 
space. 




Figure 45 illustrates the connection of a BlU to the 
serial error reporting networks. Here, the BlU con- 
nects to the module error report line (MERL) and 
has a duplicated bus error report line (BERL1 and 
BERL2). Each error report line is driven by open 
collector inverters so that the BlUs along either the 
module or bus axes may contribute error messages 
in wired-OR fashion. Two inverters are required to 
drive each error report line, one is a standard 
inverter and the other is an open collector version. 
The example shown also duplicates the bus error 
report lines so that bus error messages may be 
delivered even if one of the inverter paths fails. 
Should duplicated bus error report lines not be 
required, one of the two inverter groups could be 
deleted and the BERL1 and BERL2 signals con- 
nected together. 



7 



OC STD 



MERLOUT 

BERLOUT BERL1 BERL2 



u 



Figure 44. Interfacing iAPX 432 Processors to 
the BlU 



Figure 45. Interfacing a BlU to Error Reporting 
Network 
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The 432 hardware system designer must provide an 
external arbitration network which examines the 
BlU's arbitration signals, along with other BlUs in 
the system, to determine when it is permissible to 
use the memory bus. Two "alternatives for this 
function are presented in Figures 46 and 47. The first 
method requires the fewest backplane signal lines 
since it utilizes multilevel analog signalling to arbi- 
trate for the bus. The second method requires more 
backplane signals and unique wiring for each arbi- 
trating unit but is fully digital. 



With either method, each BIU produces tw6 output 
signals, RQOUTand NREQOUT, which are activated 
to indicate that the BIU requires the use of the 
memory bus. Each BIU requires that an external 
logic network examine all the NREQOUTs and 
RQOUTs to identify when a request is being made 
by one or more Bl Us. Three inputs to the BIU 
(NREQ, RQ and CONT) are generated by the 
external logic. NREQ (New Request) is activated to 
signal that a new time-ordering cycle has occurred. 
RQ (request) signifies that one or more RQOUTs 
are active and CONT (contention) signifies that 
more than one RQOUT is active. 



RQ 



BIU 




BIU 


MASTER 




CHECKER 









<k NREQOUT U ^NE521 



NREQC 
> ARBM 
ARBC 



Figure 46. Interfacing the BIU to the MACD Bus Arbitration Network 
(Analog Method) 
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Figure 47. Interfacing the BIU to the MACD Bus Arbitration Network 
(Digital Method) 

Figure 48 shows the required bus transceivers signal may be used to check that the external 
which connect a BIU to a memory bus. In addition, buffers are operating correctly, 
the drawing suggests how the oscillating BCHK 
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TRANSCEIVER 
PACKAGES 



16 MACD 

3CTL 
2 CHK 



Figure 48. Interfacing the BIU to the MACD BUS 
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Figure 49 illustrates how an MCU, an external RAM 
storage array, and external sequencing logic form a 
memory subsystem. In this example, economical 
dynamic RAM components form the storage arrays 
and the array sequencing logic, under control of the 



MCU, provides the precise signals required to man- 
age the arrays. Figures 50 and 51 detail the array 
sequencing logic and the timing of signals which 
coordinate the actions of the storage array. 
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Figure 49. Interfacing the MCU to the Storage Array 
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Figure 50. Sequencing Logic for the Storage Array 
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Figure 51. Timing Diagram for the Storage Array Interface 
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External hardware must be employed to permit an 
MCU to attach to Its normal or backup memory bus. 
There are several facets to this requirement. Natu- 
rally, individual bus transceivers must be used to 
allow the MCU, through its BUSSEL (bus select) 
output signal, to choose which memory bus will 
carry its address, control, data, and check informa- 
tion. In addition, the MCU must access error report 
information and arbitration information from the 
correct memory bus. These requirements are met 
by the sort of network illustrated in Figure 52. Notice 
that these requirements are unique to the MCU. One 
BIU is required lor each bus that a processor wishes 
to attach to, no such steering is required for a BIU. 
The next example highlights some of the considera- 
tions when extending these requirements to fault 
tolerant systems. 



CTL2 
CHK1 
MACDIS 



A8RITRATION ERROR 



Figure 52. 



Interfacing the MCU to Two Memory 
Busses 



Fault tolerant MCU configurations require that spe- 
cial external logic enable the transceivers which 
connect the MCU to its assigned memory bus. This 
may be done with a scheme illustrated in Figure 53. 
Two MCUs are employed in a FRC configuration. At 
their FRC interface, all the MACD, CTL, CHK signals 
as well as the MBOUT direction signal are com- 
pared for error. The master and checker MCUs each 
develop a version of the BUSSEL signal. Since it is 
not possible to FRC the BUSSEL signal and guaran- 
tee a correctly operating version, external hardware 
must be employed to develop a fault tolerant version 
of the bus selection function. The individual BUS- 
SELs must be checked by external fault tolerant 



FAULT 
TOLERANT 
BUS 
SELECT 
LOGIC 



MCU 
MASTER 


FRC 


MCU 
CHECKER 




INTERFACE 

1 





MACD, CTL, CHK 



MEMORY BUS 0 



BUS TRANSCEIVERS 



Figure 53. Fault Tolerant Bus Select Network 



logic which enables only one of the two sets of 
memory bus transceivers when the BUSSELs are 
both active. If there is any discrepancy in the BUS- 
SELs, the external logic must disable both of the bus 
transceiver sets so that the malfunctioning MCU 
cannot corrupt either memory bus. 

This same technique must also be applied to other 
signals which must be routed to/from the currently 
assigned memory bus. The BERLOUT error report 
signal must on ly be output to the co rrectly s elected 
bus. The RQ, cCFJT, BEFO, and BERL2 signals 
must only be received from the correctly selected 
bus. 

Special logic is also required to check those signals 
which are not FRCed in a fault tolerant configura- 
tion. The BCHK output pins and the BCHKIN/M 
input pins of the master and checker MCUs may be 
used to detect errors in the external logic. In Figure 
54, a PROM is used as the error detector. The inputs 
to the PROM may come from a variety of sources, 
depending on the particular hardware configura- 
tion. In this example, the PROM observes two sets of 
signals, one set from the master and another from 
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Figure 54. Detecting Errors in External MCU Logic 



the checker. Notice that the oscillating BCHK signal 
is routed through the bus transceivers in different 
directions depending on the value of the MBOUT 
signal. The fault tolerant versions of the BUSSEL 
sign al se lect collection of signals to be checked. 
The INIT input to the PROM provides a convenient 
way to establish master/checker roles during initial- 
ization since BCHKIN/M carries mastership infor- 
mation at that time. 

PACKAGE 

The 43204 and 43205 are packaged in 68-pin, lead- 
less JEDEC type A hermetic chip carriers. Figure 55 
illustrates the package, and Figures 9 and 1 1 show 
the pinouts. 
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Figure 55. 43204 and 43205 JEDEC Type A Package 
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INTRODUCTION 

The designer of a microprocessor-based system has two 
basic types of devices available to implement a random 
access read/write memory ■— static or dynamic RAM. 
Dynamic RAMs offer many advantages. First, dynamic 
RAMs have four times the density (number of bits per 
device) of static RAMs, and are packaged in a 16-pin 
DIP package, as opposed to the 20-pin or larger DIPs 
used by static RAMs; this allows four times as many 
bytes of memory to be put on a board, or alternatively, 
a given amount of memory takes much less board space. 
Second, the cost per bit of dynamic RAMs is roughly 
one-fourth that of statics. Third, static RAMs use about 
one-sixth the power of static RAMs, so power supplies 
may be smaller and less expensive. These advantages are 
summarized in Table 1. 

On the other hand, dynamic RAMS require complex 
support functions which static RAMs don't, including 

• address multiplexing 

• timing of addresses and control strobes 

• refreshing, to prevent loss of data 

• arbitration, to decide when refresh cycles will be 
performed. 



Table 1. Comparison of Intel Static and 
Dynamic RAMs Introduced during 1981 





2164-15 
(Dynamic) 


216770 
(Static) 


Density 






(No. of bits) 


64K 


16K 


No. of pins 


16 


20 


Access time (ns) 


150 


70 


Cycle time (ns) 


300 


70 


Active power (ma) 


60 


125 


Standby power (ma) 


5 


40 


Approx. cost per bit 


45 


250 


(millicents/bit) 







In addition, dynamic RAMs may not always be able to 
transfer data as fast as high-performance 
microprocessors require; wait states must be generated 
in this case. The circuitry required to perform these 
functions takes up board space, costs money, and con- 
sumes power, and so detracts from the advantages that 
make dynamic RAMs so appealing. Obviously, the 
amount of support circuitry should be minimized. 

The Intel 8202A and 8203 are LSI dynamic RAM con- 
troller components. Either of these 40-pin devices alone 
does all of the support functions required by dynamic 
RAMs. This results in a minimum of board space, cost, 
and power consumption, allowing maximum advantage 
from the use of dynamic RAMs. 



CONTROLLER 



A LOG 2 [COST] 


























!_ 


1 1 — • / i ► 



64K 128K 

LOG 2 [RAM SIZE] (KBYTES) 



Figure 1. Implemented Cost of Static vs. Dynamic RAM 
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Figure 1 shows the relative cost of static and dynamic 
RAM, including support circuitry, as a function of 
memory size, using the Intel 8202A or 8203. For any 
memory larger than 16KBytes, the dynamic RAM is less 
expensive. Since the cost of the dynamic RAM con- 
troller is relatively independent of memory size, the cost 
advantge for dynamic RAM increases with increasing 
memory size. 

This Application Note will describe the techniques of in- 
terfacing a dynamic RAM memory to an iAPX-86 or 
iAPX-88 system using either the 8202A or 8203 dynamic 
RAM controller. Various configurations of the 8086 
and 8088 microprocessors, and those timings which they 
satisfy, are described. The Note concludes with ex- 
amples of particular system implementations. 

DYNAMIC RAMS 

This section gives a brief introduction to the interfacing 
requirements for Dynamic RAMs. Later sections will 
describe the operation of the Intel 8202A and 8203 
Dynamic RAM Controllers. 

Device Description 

The pinout of two popular families of dynamic RAMs, 
the Intel 2118 and 2164A, are shown in Figure 2. The 
21 18 is a 16,384 word by 1-bit dynamic MOS RAM. The 
2164 is a 65,536 word by 1-bit dynamic MOS RAM. 
Both parts operate from a single + 5v supply with a 
± 10% tolerance, and both use the industry standard 
16-lead pinout. 

The two parts are pinout-compatible with the exception 
of the 2164 having one extra address input (A7, pin 9); 
this pin is a no-connect in the 2118. Both parts are also 
compatible with the next generation of 256K dynamic 
RAMs (262,144 word by 1-bit), which will use pin 1 
(presently a no-connect on both the 21 18 and 2 164 A) for 
the required one extra address input (Ag). This makes it 
possible to use a single printed circuit board layout with 
any of these three types of RAM. 



Addressing 

Each bit of a dynamic RAM is individually addressable. 
Thus, a 2164A, which contains 216 ( 0 r 65,536) bits of in- 
formation, requires 16-bit addresses; similarly, the 
2118, which contains 214 (or 16,384) bits, requires 14-bit 
addresses. 

In order to reduce the number of address pins required 
(and thus reduce device cost), dynamic RAMs time- 
multiplex addresses in two halves over the same pins. 
Thus a 2 164 A needs only 8 address pins to receive 16-bit 
addresses, and the 2118 needs only 7 for its 14-bit ad- 
dresses. The first address is called the row address, and 
the second is called the column address. The row ad- 
dress i s latc hed internal to the RAM by the falling edge 
of the RAS (Row Address Strobe) control input; th e col- 
umn address is latched by the falling edge of the CAS 
(Column Address Strobe) control input. This operation 
is illustrated in Figure 3. 

Dynamic RAMS may be visuallized as a two- 
dimensional array of single-bit storage cells arranged 
across the surface of the RAM's die. In the case of the 
2164A, this array would consist of 2 8 (or 256) rows and 
28 (or 256) columns, for a total of 216 (or 65,526) total 
bit cells (Figure 4). This is the source of the "row ad- 
dress" and "column address" terminology. Bear in 
mind that any given RAM may not be physically im- 
plemented as described here; for instance, the 2164A ac- 
tually contains four arrays, each one 2 7 rows by 2 7 
columns. 



C 1 
DinC 2 

WE C 3 
RAS C 4 
AoC 5 
A 2 C 6 
Ai C 7 
VddC 8 



16 □ V ss 
15 □ CAS 
14 □ DoUT 
13 □ A 6 
12 □ A3 
11 □ A 4 , 
10 □ A 5 




^A 8 C 1 

DtnC 2 
WEC 3 
RAS C 4 
AoC 5 
A 2 C 6 
A1 C 7 
VddC 8 



16 □ V ss 
15 □ CAS 
14 □ DoUT 
13 □ A 6 
12 H A3 
11 □ A 4 
10 □ A 5 
9 □ A 7 



Figure 2. Dynamic RAM Pinout Compatibility 
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Figure 3. Dynamic RAM Addressing 
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0 H 
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200 H 



300„ 



400 H 



500 H 



101 u 



2 H 



102 H 



202„ 



302„ 



402 H 
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FF H 



ff h 



IFF H 



2FF H 



3FF H 



BIT CELL ADDRESS 



FD00 H 



FE00 h 



FF02 H \ 



fdfe h 



fffe h 



FCFF. 



fdff h 



feff h 



ffff h 



Figure 4. Bit Ceii "Array" 



Memory Cycles 



In this Application Note, we will dis cuss three types of 
memory cycles — read, write, and RAS-only refresh. 
Dymanic RAMs may perform other types of cycles as 
well; these are described in the dynamic RAM's data 
sheet. 

Whether data is read or written during a memory cycle 
is determined by t he RA M's WE control input. Data is 
written only when WE is active. 

During a read cycle, the CAS input has a sec ond f unc- 
tion, other than latching the column address. CAS also 
enables t he R AM data output (pin 14) when active, 
assuming RAS is also active. Otherwise, the data output 
is 3-stated. This allows multiple dynamic RAMs to have 
their data outputs tied in common. 

During write cycles, data on the RAM data input pin is 
latched internally to the RAM by the falling edge of 



CAS o r WE , whichever occurs last. If WE goes active 
before CAS (the usual case, called an "e arly w rite"), 
write data is latched by the falling edge of CAS. If WE 
goes active after CAS (called a "late write"), data is lat- 
ched by the falling edge of WE (see Figure 5). 

Late writes are useful in some systems where it is desired 
to start the memory cycle as quickly as possible, to max- 
imize performance, but the CPU cannot get the write 
dat a to th e dynamic RAMs quickly enough to be latched 
by CAS. By delaying WE, more time is allowed for 
write data to arrive at the dynamic RAMs. 

Note that whe n "late write" is performed, CAS goes ac- 
tive while WE is still inactive; this indicates a read cycle, 
so the RAM enables its data output. So, if "late write" , 
cycles are performed by a system, the RAM data inputs 
and data outputs must be electically isolated from each 
other to prevent contention. If no "late writes" are per- 
formed, the RAM data inputs and data outputs may be 
tie^d together at the RAM to reduce the number of board 
traces. 
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B. "LATE WRITE" 
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Din 



Dout 
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Figure 5. Dynamic RAM Write Cycles 



Access Times 



Each dynamic RAM has two differ ent access times 
quoted for it — access time from RAS active (tRAc) and 
access time from CAS active Ocac); tne se are illustrated 
in Figure 6. How do you know which to use? This 
depends on the timings of your RAM controller. First, 
the wors t case delay from the mem ory read command 
active to RAS active (t CR ) and CAS active (t cc ) must be 
determined. Then the read data access time is the larger 
of the t CR (Controller) + t RA c(RAM) or t C c(Controller) 
+ tcAc( RA M)- An alternative way to determine 



whether to use t R Ac or tcAC is to lo ok at the dynamic 
RAM parameter for RAS active to CAS active delay, 
tRCD- tRcrywflX is a calculated value, and is shown on 
dynamic RAM data s hee ts as a reference point only. If 
the delay from RAS to CAS is less than or equal to 
t R cr>max, then t R Ac is the limiting access time para- 
meter; if, on the other hand, the delay from RAS to 
CAS is greater than t R cr>max, then tcAC is tne limiting 
parameter. t R cr>max is not an operating limit, and this 
spec may be exceeded without affecting operation of the 
RAM. tRcrytt//!, on the other hand, is an operating 
limit, and the RAM will not operate properly if this spec 
is violated. 
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Figure 6. Dynamic RAM Access Times 



Refresh 



One unique requirement of dynamic RAMs is that they 
be refreshed in order to retain data. To see why this is 
so, we must look briefly at how a dynamic RAM is 
implemented. 

Dynamic RAMs achieve their high density and low cost 
mostly because of the very simple bit-storage cell they 
use, which consists only of one transistor and a 
capacitor. The capacitor stores one bit as the presence 
(or absence) of charge. This capacitor is selectively ac- 
cessed for reading and writing by enabling its associated 
transistor (see Figure 7). 



Unfortunately, if left f<^r very long, the charge will leak 
out of the capacitor, and the data will be lost. To pre- 
vent this, each bit-cell must be periodically read, the 
charge on the capacitor amplified, and the capacitor 
recharged to its initial state. The circuitry which does 
this amplification of charge is called a "sense amp". 
This must be done for every bit-cell every 2 ms or less to 
prevent loss of data. 

Each column in a dynamic RAM has its own sense amp, 
so refresh can be performed on an entire row at a time. 
Thus, for the 21 18, it is only necessary to refresh each of 
its 128 rows every 2 ms. Each row must be addressed via 
the RAM's address inputs to be refreshed. To simplify 



ONE COLUMN 



BIT SELECT 
LINES 

(FROM ROW <l 
ADDRESS 
DECODER) 




BIT SENSE LINES 
(TO SENSE AMPS) 



Figure 7. Dynamic RAM Cell 
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Figure 8. RAS-only Refresh 



refresh, the 2 164 A is implemented in such a way that its 
refresh requirements are identical to the 2118; 128 rows 
every 2 ms. Some other 64K RAMs require 256 row 
refresh every 4 ms. 

Refresh can be performed by a special cycle called a 
RAS-only refresh, shown in Figure 8. Only a row ad- 
dress is sent; that row is refreshed. No column address is 
sent, and no data is read or written during this cycle. In- 
tel dynamic RAM controllers use this technique. 

Any read, write, or read-modify-write cycle also 
refreshes the row addressed. This fact may be used to 
refresh the dynamic RAM without doing any special 
refresh cycles. Unfortunately, in general you cannot be 
sure that every row of every dynamic RAM in a system 
will be read from or written to every 2 ms, so refresh 
cannot be guaranteed by this method alone, except in 
special applications. 

A third technique for refresh is called hidden refresh. 
•This method is not popular in microprocessor systems, 
so it is not described here, but more information is 
available in the dynamic RAM's data sheet. 

Three techniques for timing when refresh cycles are per- 
formed are in common use: burst refresh, distributed 
refresh, and transparent refresh. 

Burst refresh means waiting almost 2 ms from the last 
time refresh was performed, then refreshing the entire 
memory with a "burst" of 128 refresh cycles. This 
method has the inherent disadvantage that during the 
time refresh is being performed (more than 40 



microseconds for 128 rows) no read or write cycles can 
be performed. This severely limits the worst case 
response time to interrupts and makes this approach un- 
suitable for many systems. 

As long as every row of the RAM is refreshed every 2 
ms, the distribution of individual refresh cycles is unim- 
portant. Distributed refresh takes advantage of this fact 
by performing a single refresh cycle every 2 ms/128, or 
about every 15 microseconds. In this way, the refresh re- 
quirements of the RAM are satisfied, but the longest 
time that read and write cycles are delayed because of 
refresh is minimized. Those few dynamic RAMs which 
use 256 row refresh allow 4 ms for the refresh to be com- 
pleted, so the distributed refresh period is still 15 
microseconds. 

The third technique is called transparent (or "hidden" 
or "syncronous") refresh. This takes advantage of the 
fact that many microprocessors wait a fixed length of 
time after fetching the first opcode of an instruction to 
decode it. This time is necessary to determine what to do 
next (i.e. fetch more opcode bytes, fetch operands, 
operate on internal registers, etc.); this time may be 
longer than the time required for a RAM refresh cycle. 
If the status outputs of the CPU can be examined to 
determine which memory cycles are opcode fetches, a 
refresh cycle may be performed immediately afterward 
(Figure 9). In this way, refresh cycles will never interfere 
with read or write cycles, and so appear "transparent" 
to the microprocessor. 

Transparent refresh has the disadvantage that if the 
microprocessor ever stops fetching opcodes for very 
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C. TRANSPARENT REFRESH 



Figure 9. Transparent Refresh 



long, due to a HOLD, extended DMA transfers, or 
when under hardware emulation, no refresh cycles will 
occur and RAM data will be lost. This puts restrictions 
on the system design. Also, high speed microprocessors 
do not allow sufficient time between opcode fetches and 
susequent bus cycles for a complete RAM refresh cycle 
to be performed, so they must wait for the refresh cycle 
to complete before they can do a subsequent bus cycle. 
These microprocessors cannot use transparent refresh to 
any advantage. Transparent refresh is useful for 
microprocessors like the Intel 8085 operating at low 
clock frequencies. 

The 8086 and 8088, however, prefetch opcodes into a 
queue which is several bytes long. This prefetching is in- 
dependent of the actual decoding and execution of the 
opcodes, and there is no time at which it can be 
guaranteed that the 8086 or 8088 will not request a 
memory cycle. So transparent refresh is not applicable 
to these microprocessors. 

The 8202A and 8203 perform distributed and/or 
transparent refresh. Each device has an internal timer 
which automatically generates a distributed refresh cy- 
cle every 15.6 microseconds or less. In addition, an ex- 



ternal refresh request input (REFRQ) allows the 
microprocessor's status to be decoded to generate a 
refresh- cycle for transparent refresh. If, for whatever 
reason, no external REFRQ is generated for 15 
microseconds, the internally generated refresh will take 
over, so memory integrity will be guaranteed. 

Arbitration 

Because RAMs cannot do a read or write cycle and a 
refresh cycle at the same time, some form of arbitration 
must be provided to determine when refresh cycles will 
be performed. 

Arbitration may be done by the microprocessor or by 
the dynamic RAM controller. Microprocessor arbitra- 
tion may be implemented as follows: 

A counter, running from the microprocessor's clock, is 
used to time the period between refresh cycles. At ter- 
minal count, the arbitration logic asserts the bus request 
signal to prevent the microprocessor from performing 
any more memory cycles. When the microprocessor 
responds with a bus grant, the arbitration logic 
generates a refresh cycle (or cycles, if burst refresh is 
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used). After refresh is complete, the arbitration logic 
releases the bus. This method has several disadvantages: 
First, time is wasted in exchanging bus control, which 
would not be required if the RAM controller did ar- 
bitration. Second, while refresh is being performed, all 
bus activity is stopped; for instance, even if the 
microprocessor is executing out of ROM at the time, it 
must stop until refresh is over. Third, bursts of DMA 
transfers must be kept very short, as refresh cannot be 
performed while DMA is in progress. 

Some microprocessors, such as the Zilog Z-80, generate 
refresh cycles themselves after instruction fetches. This 
removes the need for external arbitration logic, but still 
has several disadvantages: First, DMA bursts still must 
be kept short to allow the CPU to do refresh. Second, 
this method adds to the complexity of the micropro- 
cessor, without removing the need for the RAM con- 
troll er wh i ch is still required to do address multiplexing 
and RAS, CAS and WE timing. Microprocessor refresh 
can cause problems of RAM compatibility; for instance, 
the Z-80 only outputs a 7-bit refresh address, which 
means some 64K RAMs which use 256 row refresh can- 
not be used with the Z-80. Also, since the Z-80 refresh 
cycle is a fixed length (no wait states), faster speed selec- 
tions of the Z-80 are not compatible with slower 
dynamic RAMs. Third, systems employing multi- 
processing or DMA are harder to implement, because of 
the difficulty in insuring the microprocessor will be able 
to perform refresh. 

It is preferable to have arbitration performed by the 
dynamic RAM controller itself. This method avoids all 
the problems described above, but introduces a com- 
plication. If the microprocessor issues a read or write 
command while the dynamic RAM is in the middle of a 
refresh cycle, the RAM controller must make the 
microprocessor wait until it is done with the refresh 



before it can complete the read or write cycle. This 
means that from when the microprocessor activates the 
read or write signal, the time until the cycle can be com- 
pleted can vary over a range of roughly 200 to 700 ns. 
Because of this, an acknowledge signal from the 
dynamic RAM controller is required to tell the 
microprocessor the memory cycle it requested is com- 
plete. This signal goes to the microprocessor's READY 
logic. 

Memory Organization 

As each dynamic RAM operates on only one bit at a 
time, multiple RAMs must be operated in parallel to 
operate on a word at a time. RAMs operated in this way 
are called a bank of RAM. A bank consists of as many 
RAMs as there are bits in the memory word. When used 
in this way, all address and control lines are tied to all 
RAMs in the bank. 

A single bank of RAM will provide 64K words of 
memory in the case of the 2 164 A, or 16K words in the 
case of the 2118. To provide more memory words, 
multiple banks of RAM are used. In this case, all ad- 
dress, CAS, and WE lines are t ied to all RAMs, but each 
bank of RAM has its own RAS, Each bank knows 
whether it is being addressed duri ng a read or write 
operation by whether or not its RAS input was activated 
— if not, then all other inputs are ignored during that 
cycle. 

Data outputs for RAMs in corresponding bit positions 
in each of the banks may be tied in co mmon, since they 
are 3-state outputs; even though CAS is con nected to all 
banks of RAM, only that bank whose RAS is active will 
enable its data outputs in response to CAS going active. 
Data inputs for RAMs in corresponding bit positions in 
each of the banks are also tied in common. 



INTEL DYNAMIC RAM CONTROLLERS 

The Intel 8202A and 8203 Dynamic RAM Controllers 
each provide all the interface logic needed to use 
dynamic RAMs in microprocessor systems, in a single 
chip. Either the 8202A or 8203 allow a dynamic RAM 
memory to be implemented using a minium of com- 
ponents, board space, and power, and in less design 
time than any other approach. 

The following sections will describe each of these con- 
trollers in detail. 

8202A 

FUNCTIONAL DESCRIPTION 

The 8202A provides total dynamic RAM control for 4K 



and 16K dynamic RAMs, including the Intel 2104A, 
2117, and 2118. TJie pinout and simplified logic 
diagram of the 8202A are shown in Figures 10 and 11. 

The 8202A is always in one of the following states: 

a) IDLE 

b) TEST cycle 

c) REFRESH cycle 

d) READ cycle 

e) WRITE cycle 

The 8202A is normally in the idle state. Whenever a cy- 
cle is requested, the 8202 A will leave the idle state to 
perform the desired cycle; if no cycle requests are pen- 
ding, the 8202A will return to the idle state. A refresh 
cycle request may originate internally or externally to 
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Figure 10. 8202A Pinout 

the 8202A; all other requests come only from outside 
the 8202A. 

A test cycle is requested by activating t he R D and WR 
inputs simultaneously, independent of PCS (Protected 
Chip Select). The test cycle will reset the refresh address 
counter to zero and perform a write cycle. A test cycle 
should not be allowed to occur in normal system opera- 
tion, as it interferes with normal RAM refresh. 

A refresh cycle performs a RAS-only refresh cycle of the 
next lower consecutive row address after the one 
previously refreshed. A refresh cycle may be requested 



by activating the REFRQ input to the 8202A; this input 
is latched on the next 8202 A clock. If no refresh cycles 
are requested for a period of about 13 microseconds, the 
8202A will generate one internally. By refreshing one 
row every 15.6 microseconds or sooner, all 128 rows will 
be refreshed every 2 ms. Because refresh requests are 
generated by the 8202A itself, memory integrity is in- 
sured, even if the rest of the system should halt opera- 
tion for an extended period of time. 

The arbiter logic will allow the refresh cycle to take 
place only if there is not another cycle in progress at the 
time. 

A read c ycle m ay be requested by activating the RD in- 
put, with PCS (Protected Chip Select) active. In the Ad- 
vanced Read mode, a read cycle is requested if the 
microprocessor's SI status line is high at th e falling edge 
of ALE (Address Latch Enable) and PCS is active. If a 
dynamic RAM cycle is terminated prematurely, data 
loss may result. The 8202A chip select is "protected'* in 
that once a memory cycle is started, it will go to comple- 
tion, even if the 8202A becomes de-selected. 

A write c ycle m ay be requested by activating the WR in- 
put, with PCS active; this is the same for the normal and 
Advanced Read modes* 

BLOCK DIAGRAM 

Let's look at the detailed block diagram in Figure 12 to 
see how the 8202A satisfies the interface requirements 
of the dynamic RAM. 

Address Multiplexing 

Address multiplexing is achieved by a 3-to-l multiplexer 
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Figure 11. 8202A Simplified Block Diagram 
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Figure 12. 8202A Detailed Block Diagram 



internal to the 8202A; the three inputs are the row ad- 
dress (AL0-6), column address (AH0-6), and refresh row 
address (generated internally). When the 8202 A is in the 
Idle state, the multiplexer selects the row address, so it is 
prepared to start a memory cycle. If a refresh cycle is re- 
quested either internally or externally, the address 
multiplexer wil l sele ct the refresh row address long 
enough before RAS goes active to satisfy the RAM's 
*asr parameter. 

To mini mize propagation delays, the 8202 A address 
outputs (OUTq-6) are inverted from the address inputs. 



This has no effect on RAM operation; inverters are not 
needed on the address outputs. 

Doing this multiplexing i nterna lly minim izes timing 
skews between the address, RAS, and CAS, and allows 
higher performance than would otherwise be possible. 

Refresh Counter 

The next row to be refreshed is determined by the 
refresh counter, which is implemented as a 7-bit ripple- 
carry counter. During each refresh cycle, the counter is 
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Figure 13. Detailed 8202A Refresh Cycle 
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incremented by one in preparation for the next refresh 
cycle (a refresh cycle is shown in detail in Figure 13). 

When the 8202A enters TEST mode, the refresh counter 
is cleared. This feature is useful for automatic testing of 
the refresh counter function. Because the address out- 
puts are inverted, the first refresh address after clearing 
the counter in test mode is 7Fh, and the addresses 
decrease for subsequent refresh cycles. 

RAS Decoding 

Which bank of R AM is selected for a memory cycle is 
determined by the RAS decoder from the Bq-i inputs, 
which normally come from the microprocessor address 
bus. The 8202A Timing Gene rator produces an internal 
RAS pulse which strobe s the RAS decoder, generating 
the appropriate external RAS pulse. The Bo-i inputs are 
not latched, so they must be held valid for the leng th of 
the memory cycle. During a refresh cycle, all the RAS 
outputs are activated, refreshing all banks at once. 

Oscillator 

The 8202A operates from a single reference clock with a, 
frequency between 18.432 MHz and 25 MHz; this clock 
is used by the synchronization, arbitration, and timing 
generation logic. This clock may be generated by an on- 
board crystal oscillator, or by an external TTL- 
compatible clock source. When using the internal 
oscillator (available only on part number D8202A-1 or 
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Figure 14. 8202A Clock Options 



D8202A-3), a fundamental-mode crystal is attached to 
pins. 36 and 37 (Xo and Xi), as shown in Figure 14. The 
external TTL clock option is selected by pulling pin 36 
(OP2) to + 12v through IK ohm resistor, and attaching 
the clock input to pin 37 (CLK). 

Command Decoder 

t 

The command decoder takes the commands from the 
bus and generates internal memory request (MEMR), 
and TEST signals. 

The 8202A has two bus interface modes: the "normal" 
mode, and the "Advanced Read" mode. In the normal 
mode, the 8202A interfaces to the usual bus RD and 
WR signals. 

In the Advanced Read mode, the 8202 A interfaces to 
the Intel microprocessor bus signals ALE, SI, and WR. 
SI must be high on the falling edge of ALE for read 
cycles, and WR must be low for write cycles (write 
cycles are the same as for normal read mode). The 
8085 A SI may be used directly by the 8202A; the 8086 
and 8088 SI must be inverted. ALE and WR must be 
qualified by PCS. 

The Advanced Read mode is useful for reducing read 
data access time, and thus wait states. This mode is used 
mainly with 8085 A systems. 

If both RD a nd WR are active at once (regardless of the 
state of PCS), the internal TEST signal is generated and 
the 8202A performs a test cycle as described above. One 
or both of RD and WR should have pull-up resistors to 
prevent the 8202A from inadvertantly being put into test 
mode, as the RD and WR signals are 3-stated by the 
microprocessor when RESET or HOLD are active. 
Since the test mode resets the refresh address counter, 
the refresh sequence will be interrupted, and data loss 
may result. 

Refresh Timer and REFRQ 

The 8202 A contains a counter, operated from the inter- 
nal clock to time the period from the last refresh cycle. 
When the counter times out, an internal refresh request 
is generated. This refresh period is proportional to the 
8202A's clock period, and varies from 10.56 to 15.625 
microseconds. Even at the lowest refresh rate, all the 
rows Of the dynamic RAM will be refreshed every 2 ms. 

The 8202A has an option of reducing the refresh rate by 
a factor of two, for use with 4K RAMS. These RAMs 
have only 64 rows to refresh every 2 ms, so need refresh 
cycles only half as often. This option is selected by pull- 
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ing pin 18 (AL6/OP 3 ) to + 12v through a 5. IK ohm 
resistor. This pin normally serves as the high-order row 
address input for the address multiplexer, but it is no 
longer needed for this function, as 4K RAMs have one 
less address input. 

A refresh cycle may also be requested externally by ac- 
tivating the REFRQ input. This input is latched, so it 
only needs to be held active a maximum of 20 ns. If the 
8202A is currently executing a memory cycle, it will 
complete that cycle, and then perform the refresh cycle. 
The internal and external refresh requests are ORed 
together before going to the arbiter. 

The REFRQ input cannot be used in the Advanced 
Read mode, as the REFRQ pin is used for ALE in this 
mode. 

REFRQ is most often used to implement transparent 
refresh, as explained in the section Dynamic 
RAMS — Refresh. This technique is not useful in iAPX 
86 and iAPX 88 systems, so REFRQ is normally tied to 
ground. 

The refresh timer is reset as soon as a refresh cycle is 
started (whether it was requested internally or external- 
ly). The time between refresh cycle (tREF) is measured 
from when the first cycle is started, not when it was re- 
quested, which occurs sometime earlier. Of course, 
t REF min does not apply if REFRQ is used — you may 
externally request refresh cycles as often as you wish. 

Arbiter 

This is the hardest section of a dynamic RAM controller 
to implement. If a read or write arrives at the same time 
as a refresh request, the arbiter must decide which one 
to service first. Also, if a read, write, or refresh request 
arrives when another cycle is already in progress, the ar- 
biter must delay starting the new cycle until the current 
cycle is complete. 

Both of the internal signals REFR (refresh request) and 
MEMR (memory cycle request) are synchronized by 
D-type master-slave flip-flops before reaching the ar- 
biter, these circuits have been optimized to resolve a 
valid logic state in as short a time as possible. Of course, 
with any synchronizer, there is a probability that it will 
fail — not be able to settle in one logic state or the other 
in the allowed amount of time, resulting in a memory 
failure — but the 8S02A has been designed to have less 
than one system memory failure every three years, 
based on operation in the worst case system timing 
environments. 

Both synchronizers and the arbiter are operated from 



the 8202A's internal clock. Assuming the 8202A is in- 
itially in an idle state, one full clock period after the syn- 
chronizers sample the state of the MEMREQ and 
REFREQ signals, the arbiter examines the REFR and 
MEMR outputs of the synchronizers. If MEMR is ac- 
tive, the arbiter will activate START to begin the 
memory cycle (either read or write) on that clock. If 
REFR is active (regardless of the state of MEMR), the 
arbiter will activate START and REF to begin a refresh 
cycle on that clock. Once the cycle is complete, the Cy- 
cle Timing Generator will generate an end-of -cycle 
(EOC) signal to clear the arbiter and allow it to respond 
to any new or pending requests on the next clock. 

Once a memory cycle is started, it cann o t be stop ped, 
regardless of the state of the RD/S1, WR, ALE, or PCS 
inputs. This is necessary, as ending a dynamic RAM 
cycle prematurely may ca use loss of data. Note, 
however, that the RAM WE output is directly gated by 
the WR input, so if WR is removed prematurely, the 
RAM WE pulse-width spec (t\yp) may be violated, caus- 
ing a memory failure. 

What happens if a memory request and refresh request 
occur simultaneously? 

If the 8202A is in.the idle state, the memory request 
will be honored first. 

If the 8202A is not in the idle state (a memory or 
refresh cycle is in progress) then the memory cycle 
will lose priority and the refresh cycle will be honored 
first. 

Remember, if the 8202A is performing a cycle, the ar- 
biter doesn't arbitrate again until the end of that cycle. 
So the memory and refresh cycles are "simultaneous" if 
they both happen early enough to reach the arbiter 
before it finishes the current cycle. This arbitration ar- 
rangement gives memory cycles priority over refresh 
cycles, but insures that a refresh cycle will be delayed at 
most one RAM cycle. 

Refresh Lock-Out 

As a result of the 8202A operation, transparent refresh 
circuits like the one shown in Figure 15 should not be 
used. This circuit uses the RD input, with some qualify- 
ing logic, to activate REFRQ whenever the micropro- 
cessor does an opcode fetch. This circuit will work fine, 
as long as the 8202A never has to generate an internal 
refresh request, which is unlikely (if nothing else, the 
system RESET pulse is probably long enough that the 
8202A will throw in a couple of refreshes while the 
microprocessor is reset). If the 8202 A ever does generate 
its own refresh, there is a probability that the 
microprocessor will try to fetch an opcode while the 
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refresh is still in progress. If that happens, the 8202 A 
will finish the refresh, see both the RD and REFRQ in- 
puts active, honor the REFRQ first, and start a second 
refresh. In the meantime, the microprocessor is sitting 
in wait states, waiting for the 8202A to complete the op- 
code fetch. When the 8202 A finishes the second refresh, 
it will see both RD and REFRQ active again, and will 
start a third refresh, etc. The system "locks up" with 
the microprocessor sitting in wait states ad infinitum, 
and the 8202 A doing one refresh cycle after another. 
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Figure 15. Improper Transparent 
Refresh Generation 

To prevent this from happening, the transparent refresh 
circuit should be modified as shown in Figure 16. In this 
circuit, REFRQ cannot be activated unti l the o pcode 
fetch is already in pr ogress, as indicated by SACK being 
active (remember, SACK is never active during a 
refresh). If the microprocessor tries to do an opcode 
fetch while the 8202A is doing a refresh, REFRQ will 
not be active; the 8202A will finish the refresh and see 
only RD active, and will start the opcode fetch; only 
then will REFRQ be activated. 
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Figure 16. Generating Transparent 

Refresh For 8085A Systems 



Cycle Timing Generator 

The Cycle Timing Generator consists of a travelling- 
ones shift register and combinational logic require d to 
generat e all the RAM control signals and SACK and 
XACK. All timings are generated from the 8202A's in- 
ternal clock; no external delay lines are ever needed. The 
timing of these signals relative to CLK is illustrated in 
Figure 17. 



When the cycle is complete, the Cycle Timing Generator 
sends an end-of -cycle (EOC) pulse to the arbiter to 
enable it to respond to new or pending cycle requests. 

Minimum and maximum valu es for the 8202 A 
parameters t C R (Com mand to RAS active delay) and tec 
(Command to CAS active delay) differ by one 8202A 
clock period. This is because the commands (RD, WR, 
ALE) must be synchronized to the 8202A's clock; this 
introduces a ± one clock period (t p ) uncertainty due to 
the fact that the command may or may not be sampled 
on the first clock after it goes active, depending on the 
set-up time. If RD or ALE and WR are synchronous to 
the 8202A's clock, and the set-up time (tsc) is met, the 
smaller number of clock periods will apply. 

All 8202A output timings are specified for the 
capacitive loading in the data sheet. Typical output 
characteristics are shown in the data sheet for capacitive 
loads ranging from 0 to 600 pF, these can be used to 
calculate the effect of different loads than those 
specif ied in the d ata sheet on output timings. All ad- 
dress, RAS, CAS, and WE drivers are identical, so these 
characteristic curves apply to all outputs. 



SACK AND XACK 

Because refresh cycles are performed asynchronously to 
the microprocessor's operation (except during 
transparent refresh), the microprocessor cannot know 
when it activates RD or WR if a refresh cycle is in pro- 
gress, and therefore, it can't know how long it will take 
to complete the memory cycle. 

This added consideration requires an acknowledge or 
"handshake" signal from the 8202A to tell the 
microprocessor when it may complete the memory 
cycle. This acknowledge would be used to generate the 
microprocessor's READY input — the microprocessor 
will sit in wait states until the 8202A acknowledges the 
memory cycle. Two signals are generated for this pur- 
pose by the 8202A; they are called system acknowledge 
(SACK) and transfer acknowledge (XACK). They serve 
the same purpose but differ in timing. 



XACK is a Multibus-compatible signal, and is not ac- 
tivated until the read or write cycle has been completed 
by the RAMs. In a microprocessor system^ however, 
there is a considerable delay from when the 8202A 
acknowledges the memory cycle until the micro- 
processor actually terminates the cycle. This delay is due 
to the time required to combine this acknowledge with 
other sources of READY in the system, synchronize 
READY to the microprocessor's clock, sample the state 
of READY, and respond to an active READY signal. 
As a result, more wait states than necessary may actual- 
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ly be generated by using XACK. SACK is activated 
earlier in the cycle to improve performance of 
microprocessors by compensating for the delays in the 
microprocessor responding to XACK, and thus 
eliminating unneeded w ait stat es which might be 
generated as a result of XACK timing. The system 
designer may use one or the other acknowledge signal, 
or use both in different parts of the system, at his 
option. 



SACK and XACK are activated by the Cycle Timing 
Generator, but they can be de-activated only by the 
microprocessor removing its RD or WR request, or by 
activat ing ALE wh en in the advanced read mode. As the 
SACK and XACK signals are used to generate READY 
for the microprocessor, this is necessary to give the 
microprocessor as much time as it needs to respond to 
its READY input. 

Delayed SACK Mode 



SACK may be activated at one of two different times in 
the memory cycle; the earlier case is called "normal 
SACK" and t he late r is called "delayed SACK" (Figure 
18). Delayed SACK occurs if the memory request was 
received by the 8202 A while it was doing a refresh cycle. 
In this case, the memory cycle will be delayed some 
length of time while the refresh cycle completes; SACK 
is delayed to ensure the microprocessor will generate 
enough wait states. This is a concern mostly for read 
cycles. 



Because of the way the delayed SACK mode is im- 
plemented in the 8202A, if the RD or WR input is ac- 
tivated while a refresh cycle is in progress, regardless of 
whether or not the 8202A is chip-selected, the internal 
delayed SACK mode flip-flop will be set. The next 



8202A memory cycle will have SACK delayed, even if 
that cycle was not actually delayed due to a refresh cycle 
in progress. The delayed SACK flip-flop will be reset at 
the end of that cycle, and the 8202 A will return to nor- 
mal SACK operation. The same thing happens in Ad- 
vanced Read mode if SI is high at the falling edge of 
ALE during a refresh cycle, once again regardless of the 
state of PCS. 

8203 

The 8203 is an extension of the 8202A architecture 
which allows the use of 64K dynamic RAMs. It is pinout 
compatible with the 8202A and shares identical A.C. 
and D.C. parameters with that part. The description of 
the 8202 A applies to this part also, with the modifica- 
tions below. 

ENHANCEMENTS 

1 . Supports 16K or 64K dynamic RAMs. 4K RAM 
mode, selected by pulling AL6/OP3 (pin 18) to 
+ 12v, is not supported. 

2. Allows a single board design to use either 16K 
or 64K RAMs, without changing the controller, 
and only making between two and four jumper 
changes to reconfigure the board. 

3. May operate from external TTL clock without 
the + 12v pull-up which the 8202A requires (a 
+ 5v or + 12v pull-up may be used). 

The pinout of the 8203 is shown in Figure 19. This 
pinout is identical to the 8202A, with the exception of 
the five highlighted pins. The function of these is 
described below. The simplified block diagram is similar 
to the 8202A's, in Figure 11. 
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Figure 18. Delayed SACK Mode 
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Fig. 19 8203 Pinout 
16K Mode and 64K Mode 

The goal of the 8203 is to provide a pin- and timing- 
compatible upgrade of the 8202A for use with 64K 
RAMs. The difficulty in doing this is that 64K RAMs re- 
quire an additional address input compared to 16K 
RAMs, and thus the 8203 needs three more pins (one 
more RAM address output, and two more inputs to its 
internal address multiplexer). Since all but one of the 



8202 A' s pins are already used, this is clearly a challenge 
— some functionality must be sacrificed to gain 64K 
RAM support. The 8203 reduces the maximum number 
of banks supported from four to two for 64K RAMs. 

Pin 35 (16K/64K) is used to tell the 8203 whether it is be- 
ing used to control 16K RAMs or 64K RAMs. When 
tied to V cc or left unconnected, the 8203 operates in the 
16K RAM mode; in this mode all the remaining pins 
function identically to the 8202A. When tied to ground, 
it operates in the 64K RAM mode, and pins 23 through 
26 change function to enable the 8203 to support 64K 
RAMs. Pin 35 (16K/64K) cpntains an internal pull-up 
— when unconnected, this input is high, and the 8203 
operates identically to the 8202A. This maintains pinout 
compatibility with the 8202A, in which pin 35 is a no- 
connect, so the 8203 may be used in 8202A sockets with 
no board modifications. 

When the 8203 is in the 64K RAM mode, four pins 
change function, as shown in Table 2. The pins change 
function in this particular way to allow laying out a 
board to use either 16K or 64K RAMs with a minimum 
of jumpers, as shown in Figure 20. This figure shows the 
8203 with two banks of RAM. Banks 0 and 1 may be 
either 16K RAMs or 64K RAMs; banks 2 and 3 may on- 
ly be 16K RAMs, as the 8203 supports two banks of 64K 
RAM. For clarity, only those connections which are im- 
portant in illustrating the 8203 jumper options are 
shown. 
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Figure 20.' 8203 Jumper Options 
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Table 2. 16K/64K Mode Selection 



Pin# 


16K Function 


64K Function 


23 
24 
25 
26 


RAS 2 

Bank Select (B 0 ) 
Bank Select (Bi) 
RAS 3 


Address Output (OUT 7 ) 
Address Input (AL7) 
Address Input (AH7) 
Bank Select (B 0 ) 



Jumpers J1-J4 may be used to chip select the 8203 over 
various address ranges. For example, if two banks of 
16K RAMs are replaced with two banks of 64K RAMs, 
the address space controlled by the 8203 increases from 
32K words to 128K words. If four banks of 16K RAMs 
are replaced with one bank of 64K RAMs, no chip select 
jumpers are needed. 

In the 64K RAM mode, pins 24 and 25 (B 0 (AL 7 ) and 
B^AH^)) change function from bank select inputs to 
address inputs for the 64K RAM. Since the bank select 
inputs normally come from the address bus anyway, no 
jumper changes are required here. The bank select func- 
tion moves to pin 26 (RAS 3 (Bo)); since only two bank of 
64K RAM is supported, only one bank select input is 
needed in this mode, not two. Jumpers J6 and J7 are 
shorted in the 64K RAM mode to connect pin 26 (Bo) to 
the address bus. In the 16K RAM mode, these ju mper s 
must be disconnected, as pin 26 junctions as the RAS3 
output; i n the 64K RAM mode, this bank is not popu- 
lated, so RAS3 is not needed. 

Pin 23 se rves two functions: in the 16K RAM mode it is 
the RAS output for bank 2 (RAS 2 ), in the 64 K RAM 
mode is the high order RAM address output (OUT 7 ), 



which goes to pin 9 of the 64K RAMs. This requires no 
jumpers as when using 16K RAMs, pin 9 is a no- 
connect, and when using 64K RAMs, bank 2 is 
depopulated, so RAS2 is not used. 

This arrangement allows converting a board from 16K 
RAMs to 64K RAMs with no change to the controller 
and changing a maximum of three jumpers. 

+ 5V External Clock Option 

Just as with the 8202A, the user has the option of an ex- 
ternal TTL clock instead of the internal crystal 
oscillator as the timing reference for the 8203; unlike the 
8202A, he does not need to tie pin 36 (X0/OP2) to + 12v 
to select this option — this pin may be tied to either + 5v 
or + 12v. If pin 36 is tied to + 12v, a IK ohm (± 5°7o) 
series resistor must be used, just as for the 8202A. If pin 
36 is tied to + 5v, it must be tied directly to pin 40 (V cc ) 
with no series resistor. This is because pin 36 must be 
within one Schottky diode voltage drop (roughly 0.5v) 
of pin 40 to select the external TTL clock option; a 
series resistor may cause too great a voltage drop for the 
external clock option to be selected. For the same 
reason, the trace from pin 36 to 40 should be kept as 
short as practical. 

Test Cycle 

An 8203 test c ycle is requested by activating the RD, 
WR, and PCS inputs simultaneously. By comparison, 
an 8 202A test cycle requires activating only t he R D and 
WR inputs simultaneously, independent of PCS. Like 
the 8202 A, and 8203 test cycle resets the address counter 
to zero and performs a write cycle. 
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Figure 21. 8203 Simplified Block Diagram 
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BLOCK DIAGRAM 

A simplified block diagram of the 8203 is shown in 
Figure 21. It is identical to the 8202A except for the 
following differences: 

1 . The 3 : 1 address multiplexer is 8 bits wide, instead 
of 7 bits wide, to support the addressing 
requirements of the 64K RAM. 

2. The refresh address counter is 8 bits. This allows 



it to support RAMs which use either the 128-row 
or 256-row refresh schemes. Regardless of which 
type of RAM is used, the refresh counter cycles 
through 256 rows every 4 ms. RAMs which use 
128-row re-fresh treat the eighth address bit as a 
"don't care" during refresh, so they see the 
equivalent of 128-row refresh every 2 ms. In 
either case the rate of internally-generated 
refresh cycles is the same— at least one every 
15.6 microseconds. 



INTEL iAPX-86 AND iAPX-88 
Device Descriptions 

The iAPX-86 and iAPX-88 are advanced 16-bit 
microprocessor families, based on the 8086 and 8088 
microprocessors, respectively. While both have a similar 
architecture and are software compatible, the 8086 
transfers data over a 16-bit bus, while the 8088 uses an 
8-bit data bus (but has a 16-bit internal bus). 

Min and Max Modes 

In order to support the widest possible range of applica- 
tions, the 8086 and 8088 can operate in one of two 
modes, called minimum and maximum modes. This 
allows the user to define certain processor pins to 
"tailor" the 8086 or 8088 to the intended system. These 
modes are selected by strapping the MN/MX 
(minimum/maximum) input pin to V cc or ground. 



In the minimum mode, the microprocessor supports 
small, single-processor systems using a minimum of 
components. In this mode, the 8086 or 8088 itself 
generates all the required bus control signals (Figure 
22). 

In the maximum mode, the microprocessor supports 
larger, higher performance, or multiprocessing systems. 
In this mode, the 8086 or 8088 generates status outputs 
which are decoded by the Intel 8288 Bus Controller to 
provide an extensive set of bus control signals, and 
Multibus compatibility (Figure 23). This allows higher 
performance RAM operation because the memory read 
and write commands are generated more quickly than is 
possible in the minimum mode. The maximum mode is 
the one most often used in iAPX-86 and iAPX-88 
systems. 
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Figure 22. 8086 Minimum Mode 
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Figure 23. 8086 Maximum Mode 



Alternate Configuration 



The Alternate Configuration is not an operating mode 
of the 8086 or 8088 per se, but uses TTL logic along with 
the status outputs of the microprocesor to generate the 
RAM read and/or write control signals (Figure 24). The 
alternate configuration may be used with the 
microprocessor in either minimum or maximum mode. 
This configuration is advantageous because it activates 
the memory read and write signals even earlier than the 
maximum mode, leading to higher performance. It is 
possible to generate either the RAM read or write signal 
using this configuration, and generate the other RAM 



control signal using the min or max mode in the normal 
configuration. 

Each of the three system configurations may be used 
with buffers on the address, data, or control bus for in- 
creased electrical drive capability. 

Performance vs. Wait States 

Before starting a discussion of timing analyses, it's 
worthwhile to look at the effect of wait states on the 
iAPX-86 and iAPX-88. 
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Figure 24. Alternate Configuration Logic 
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For most microprocessors, the effect of, say, one wait 
state on execution times is straightforward. If a bus 
cycle normally is three clocks long, adding a wait state 
to every bus cycle will make all bus cycles four clocks, 
decreasing performance by 33 This is multiplied by 
the percentage of time that the microprocesor is doing 
bus cycles (some instructions take a long time to exe- 
cute, so the microprocessor skips a few bus cycles). 

The effect of wait states on the iAPX-86 and iAPX-88 is 
not so straightforward, however. 

The 8086 and 8088 microprocessors consist of two pro- 
cessing units: the execution unit (EU) executes instruc- 
tions, and the bus interface unit (BIU) fetches instruc- 
tions, reads operands, and writes results. During 
periods when the EU is busy executing instructions, the 
BIU "looks ahead" and fetches more instructions from 
the next consecutive addresses in memory; these are 
stored in an internal queue. This queue is four bytes 
long for the 8088 and six bytes long for the 8086; under 
most conditions, the BIU can supply the next instruc- 
tions without having to perform a memory cycle. Only 
when the program doesn't proceed serially (e. g. a Jump 
or Call instruction) does the EU have to wait for the 
next instruction to be fetched from memory. Otherwise, 
the instruction fetch time "disappears" as it is pro- 
ceeding in parallel with execution of previously fetched 
instructions. The EU then has to wait for the BIU only 
when it needs to read operands from memory or write 
results to memory. As a result, the 8086 and 8088 are 
less sensitive to wait states than other microprocessors 



which don't use an instruction queue. The effect of wait 
states on 8086 execution time compared to the Motorola 
68000 and Zilog Z8000 for a typical mix of software is 
summarized in Table 3. HI 

Table 3. Effects of Wait States on Execution Time 





Execution Time Increase 
Over 0 Wait State 
Execution Time 


Processor 


1 Wait 
State 


2 Wait 
States 


3 Wait 
States 


iAPX 86/10 (measured) 
Z8000 (computed) 
68000 (computed) 


8.3"7o 
19.1% 
15.9«7o 


16.3% 
38.2% 
31.9% 


26.3% 
57.3% 
47.8% 



The BIU can fetch instructions faster than the EU can 
execute them, so waif states only affect performance to 
the extent that they make the EU wait for the transfer of 
operands and results. How much this affects program 
execution time is a function of the software; programs 
that contain many complex instructions like multiplies 
and divides and register operations are slowed down less 
than programs that contain primarily simple instruc- 
tions. The effect of wait states on the 8086 and 8088 is 
always less than on other microprocessors which don't 
use an instruction queue. 

[1] From 16-Bit Microprocessor Benchmark Report: 
iAPX-§6, Z8000, and 68000, publ. by Intel Corp. 
1980 
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Figure 25. 8086 Max Mode System 
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Figure 26. Memory Compatibility Timing 



Timing Analysis 

This section will look at two specific system configura- 
tions to show how the 8203 timing requirements are 
satisfied by the 8086. Methods of determining the worst 
case number of wait states for the various configura- 
tions are also given. 

The timings of the 8202A and 8203 are identical; only 
the 8203 is referred to for the remainder of this note, but 
all comments apply equally to the 8202A. Al 1 timings 
are worst case over the range of Ta = 0 - 70 °C and 
V cc = + 5v ± 10% for the test conditions given in the 
devices' data sheets. ; 

Example 1. 8086 Max 
Mode System (5 MHz) 

This example (Figure 25) is representative of a typical 
medium-size microprocesor system. Example 1 requires 
one wait state (worst case) for memory cycles. Example 
2 also uses an 8086 in Max' mode at 5 MHz, but uses ex- 
ternal logic to reduce the number of wait states to zero 
for both read and write cycles. 

DYNAMIC RAM INTERFACE 

First, look at the timing requirements of the dynamic 
RAM to ensure they are satisfied by the 8203. Memory 
compatibility timings are shown in the 8203 data sheet 
(Figure 26). Seven 8203 timings are given, not counting 
t AD , which will be discussed in the next section. These 
timings are summarized in Table 4. 



Table 4. Memory Compatibility Timings 

(all parameters are minimums) 



Symbol 


Parameter 


Value 


tASC 

tASR 

tCAH 

tCAS 

tRAH 

tRCDtl] 

tRSH 


Column Address Set-Up Time 

Row Address Set-Up Time 

Column Address Hold Time 

CAS Pulse Width 

Row Address Hold Time 

RAS to CAS Delay Time 

RAS Hold Time from CAS 


tp-30 
tp-30 
5tp-3u 
5tp-10 

tp-10 

2tp-40 
5lp-30 



[l]t RCD min = t R A H min + t A scmin = 2p - 40 

This parameter is the minimum RAS active to CAS 
active delay. 

These timings are all a function of the 8203' s clock 
period (t p ); they may be adjusted to be compatible with 
slower dynamic RAMs by slowing the 8203's clock (in- 
creasing tp). The frequency of the 8203 's clock may be 
varied from 18.432 MHz to 25 MHz; for best perfor- 
mance, the 8203 should be operated at the highest possi- 
ble frequency compatible with the chosen dynamic 
RAM. In most cases, t R AH or *CAS will be the frequency 
limiting parameter, but the 8203 can operate at its max- 
imum frequency with most dynamic RAMs available. 

tASR applies only to refresh cycles. When the 8203 is in 
the Idle state (not performing any memory or refresh 
cycles) the address multiplexer allows the AL0-7 inputs 
(the RAM row address) to propagate through to the 
8203 OUT0-7 pins, which are connected to the RAM ad- 
dress pins. So in read or write cycles, the row address 
will propagate directly from the address bus to the 
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RAM; the row address set-up time in this case is deter- 
mined by the microprocessor's timing (see the next sec- 
tion). At the beginning of a refresh cycle, the 8203 has 
to switch its internal multiplexer to direct the refresh 
row address to the RAMs before activating RAS; the 
t A sR parameter in Table 4 refers to this case only. 

Assume the Intel 2164A-20 RAM (200 ns access time) is 
used. Equations l(a)-(h) show that this RAM is com- 
patible at the 8203 's maximum operating frequency of 
25 MHz (tp = 1/(25 MHz) = 40 ns). This frequency 
will be used for now; once the rest of the system timings 
are calculated, the minimum 8203 frequency which will 
provide the same system performance can also be deter- 
mined. 



(a) t A sc 




V 


30 




10 (Equation 1.) 


(b) t ASR 




tp- 


30 




10 


(C) t C AH 




5tp- 


30 




170 


(d) t C AS 




5t p - 


10 




190 


(e) t RAH 




V 


10 




30 


(0 tRCD^ 




2tp- 


40 




40 


(g) t R p 




4t p - 


30 




130 


(h) t R SH 




5t P - 


30 




170 



[i] May be calculated as 

t RCD min = t RAH min + t AS cmin = 2t p - 40 



ADDRESS SET-UP AND HOLD TIME MARGINS 

The microprocessor must put the memory address on 
the address bus early enough in the memory cycle for it 
to pass through the 8203 and meet the row address set- 
up time to RAS (iasr) requirement of the dynamic 
RAM (Figure 27). Since the address propagates directly 
through the 8203, this set-up time is a function of how 
long the microprocessor holds the address on the bus 
before activating the RD or WR command, the address 
delay through the 8203 (t AE >max), and how long the 
8203 waits before activating RAS (t C Rmin). This is 
shown in Figure 28, and calculated in Equation 2. This 
and all following equations show timing margins; a 
positive result indicates extra margin, a zero result says 
the parameter is just met, and a negative result indicates 
it is not met for worst-case conditions. 

Row Address Set-Up Time Margin (Equation 2.) 

= CPU Address to RD Delay + RAS 
Active Delay ^ Address Delays 

= TCLCL(5MHz) + TCLML min (8288) + 
t CR min(8203) - [Greater of 
TCLAVmax(8086) 4- TlVOVmax (8282) or 
TCLLHmax(8288) + TSHOVmax(8282)j - 
t AD max(8203) - t ASR (2164A— 20) 

= 200 + 10 + [40 + 30] - 

[Greater of (110 + 30) or (15 + 45)] - 40 - 0 

= 100 
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Similarly, the microprocessor must maintain the 
memory address long enough to satisfy the column ad- 
dress hold time (t C AH> of the RAM; the 8203 T A E>min 
parameter should be used for this calculation. 

More importantly, the 8203 bank select (B 0 -i) inputs are 
also n ot latched; these are used directly to decode which 
RAS output is activated during read or w rite cycles, so 
these inputs must be held valid until RAS goes inactive. 
Since Bq-i are usually taken directly from the address 
bus, this determines the address hold time required of 
the system (Figure 29). These are easily satisfied by the 
8086 as shown by Equation 3. N represents the number 
of wait states. This equation can be tried with various 
values for N (starting with 0 and increasing) until the 
equation is satisfied, or it can be set equal to zero 
(meaning no excess margin remains) and solved for N 
directly; the fractional value for N that results must be 
rounded up to get the worst-case number of wait states 
to satisfy this particular parameter. No wait states are 
required to meet address hold times. 

Address Hold Time Margin (N = 0) (Equation 3.) 
= CPU Addres s Ho ld Time, from 

RD Active - RAS Inactive Delays 
= (3 + N)TCLCL(5MHz) + 

TCLLHmin(8288)M + TSHOVmin(8282)- 

TCLMLmax(8288) - t C cmas(8203) - 

t R s H max(8203)[2] 
= 3(200) + 2 + 10 - 35 - [4(40) + 85] - 

[5(40) + 30] 
= 102 



READ DATA ACCESS TIME MARGIN 

Read data access times determine how many wait; states 
are required for read cycles. Remember t hat dy namic 
RAMs have tw o acc ess time parameters, RAS access 
time (tRAc) and CAS access time (tcAc)- Either one may 
be the limiting factor in determining RAM access time, 
as explained in the section Dynamic RAM - Access 
Times, above. Here tcAC is the limiting factor, as 

t cc max + tcAcmax > t C Rinax + t RA cmax. 

This timing is shown in Figures 30 and 31, and is 
calculated in Equation 4. In this system, one wait state is 
required to satisfy the read data access time re- 
quirements of the system; the margin is -50 ns, which is 
too large a difference to be made up by using a faster 
RAM. 



[l] Not specified — use 2 ns 
[2] Not specified in 8203 data sheet; 
tRSHmax(8203) = 5t p + 30 



I II 8 



S2,Si,S 0 

HHready 



A16-19 
A Dq. 



r k y 



=> 



A 
STB 



Al8 isf ^ 



IF 



ADDRESS BUS 



Ao 



zOw\Aq 



S A , L fiSnAMWC 
8288 MR DC 
DT/R 

clk Den 



JEN —j 

5 



Zy>A bC ^ data bus 




Figure 30. Read Data Access Time Margin 

6-26 



AFN: 02200A 



CLK(8284A) 



MRDC(8288) 



CAS(8203) 



DoUT(21 64-20) 



A Do- 15(8086) 



\ 



-tec- 



< 



\ 



f 



tCAC 



> 



X 



} 



VALID 



Figure 31. Read Data Access Time Margin 



AP-97A 



Read Data Access (Equation 4.) 

Time Margin (N = 0) 

= CPU RD Active to Data Valid Delay - 

CAS Active Delay - Data Delays 
= (2 + N)TCLCL(5MHz) - TCLMLmax(8288) 

t cc max(8203) - t CAC max(2164A— 20) - 

t P max(74S373)ni - TIVOVmax(8286) - 

TDVCLmin(8086) 
= 2(200) - 35 - [4(40) + 85] - 110- 

30W-30-30 
= - 80=>1 wait state needed (N = 1) 

WRITE DATA SET-UP AND HOLD TIME MARGINS 

In write cycles, the write data must 

1. reach the dynamic RAMs long enough before 
CAS to meet the RAM's data set-up time . 
parameter, t D s (Figures 32 and 33), and 

2. be held long enough after CAS to meet the 
RAM's data hold time parameter (tpH) (Figures 
32 and 34.) 

Data set-up time margin is calculated in Equation 5, and 
data hold time margin is given in Equation 6. Again, 
these are margins, so a positive number indicates that 
system timing requirements are met for worst-case tim- 
ings. Data hold time is a function of the number of 8086 
wait states, represented as N, as is the read data access 
time margin. No wait states are required to meet this 
parameter. 



Write Data Set-Up Time Margin (Equation 5 .) 

= CPU WR Active to Data Valid Delay + 

CAS Delay - Data Delay 
= TCLMLmin(8288) + t cc min(8203) - 

TCLDVmax(8086) - TIVOVmax(8286) - 

t D smin(2164A-20) 
= 10 + [3(40) + 25] - 110-30-0 
= 15 



Write Data Hold Time 
Margin (N = 0) 



(Equation 6.) 



= CPU Data Hold Time, from AMWC 
Active + Data Delays - CAS Active Delay 

= (2 + N)TCLCL(5MHz) + TCLCHmin(8284A) 
+ TCHDXmin(8086) + TIVOVmin(8286) 
- TCLMLmax(8288) - t cc max(8203) - 
t DH min(2164A— 20) 

= 2(200) + [ 2 / 3 (200) - 15] + 10 
+ 5 - 35 - [4(40) + 85] - 45 

= 308 

[l] t p (74S373) is the greater of t PHL (from data) or 
tpLH (from data) and is compensated for V cc and 
temperature variations, and is derated for a 
300pF load (T.I. spec is at 15pF). 
t p (74S373) = 13ns + 0.05ns/pF(300 - 15)pF 
+ 2.75ns = 30ns. 
Where 13ns is T.I. spec value 

0.05ns/pF is derating factor 
for excess capacitive load 
(300 - 15) is excess capacitive 
load 2.75 is compensation for 
Ta and V cc variation 
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Figure 32. Write Data Set-Up and Hold Time Margins 
6-28 



AFN: 02200A 



AP-97A 



CLK(8284A) 



/ V__/ \ 



AMWC(8288) 



CAS(8203) 



AD 0 -16<8086) 



DATA BUS = 
D| N (2164A-20)( 



TCLML 



\ 



-tec- 



X 



\ 



X 



DATA 



-TIV0V- 



X 
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SACK SET UP TIME MARGIN 



As explained earlier, SACK (and XACK) are "hand- 
shaking" signals used to tell the microprocessor when it 
may terminate the bus cycle in progress. Thus, SACK 
timing determines how many wait states will be 
generated, as opposed to how many wait states are ac- 
tually required for proper operation, which is determin- 
ed by the read data access time for read cycles and by 
the write data hold time for write cycles. If SACK 
causes more wait states than are required, there is a per- 
formance penalty, but the system operates; if too few 
wait states are generated, the system will not function. 



SACK and XA CK serv e the same function; they differ 
only in timing. XACK is Multibus compatible, and is 
activated only when the read data is actually on the bus 
(in a read cycle) or when the write d ata has been latched 
into' the RAM (in a write cycl e). SAC K is activated 
earlier in the memory cycle than XACK to compensate 
for delays in the microprocessor r espond ing to this 
signal to terminate the cycle. Use of SACK is normally 
preferable, as it results in the fewest pos sible w ait states 
being generated. But in some systems, SAC K will n ot 
generate a sufficient number of wait states, so XACK or 
a delayed form of SACK must be used. N ote t hat the 
number of wait states generated by SACK and XACK 
will vary, depending on whether a refresh cycle is in pro- 
gress when the memory cycle was requested, and if 



refresh cycle is in progress, how near it is to completion. 
SACK is sampled by the 8284A Clock Generator Chip's 
RDY1 or RDY2 input. The 8284A can be program- 
med to treat these inputs as eith er synch ronous or asyn- 
chronous inputs by tying its ASYNC input (pin 15) 
either high or low, respectively. SACK must be treated 
as asynchronous unless it has been synchronized to the 
microprocessor's clock with an external flip-flop. 



SACK set-up time is shown in Figures 35 and 36, and is 
calculated in Equation 7. This equation indicates that, 
at worst case, one wait state will be generated (n = 1). 
This satisfies the requirements of the system, namely 
one wait state for reads and zero (or more) wait states 
for writes. 



SACK Set-Up Time Margin (N = 0) 



(Equation 7.) 

RD or WR Active to SACK Active Delay 

(N)TCLCL(5MHz) + t PLH min(7404)l 1 l - 

TCLMLmax(8288) - t CA max(8203) 

- t su min(74S74) 

0 + 1 - 35 - [2(40) + 47] - 3 

-164 => 1 wait state wil be generated (N = 1) 



We have only looked at "worst case" SACK set-up time 

so far, to determine the maximum number of wait states 
that will be generated (assuming no delays due to a 
refresh cycle in progress). We should look at "best 

[l] Not specified — use 1 ns. 
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Figure 35. SACK Set-Up Time Margin 
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case" SACK timing also, to make sure enough wait 
states are always generated. Note that in Figure 35, 
SACK g oes thr ough an external 74S74 flip-flop; this 
samples SACK on-half clock cycle earlier than the 
8284A doe s (on th e same clock edge t hat ac tivates 
MRDC or AMWC), effectively reducing SACK set-up 
time by one-half clock period. This guarantees the pro- 
per n umber of wait state will be generated for "best 
case" SACK timing. Adding this flip-flop does not in- 
crease the worst case number of wait states generated by 
SACK. 

In the case where a memory cycle is requested while a 
refresh cycle is in progress, the memory cycle will be 
delayed by a variable amount of time, depending on 
how near the refresh cycle is to completion. This delay 
may be as long as one full memory cycle if the refresh 
was just starting; this time is about 650 ns, depending on 
the 8203's clock frequency. SACK set-up, read data set- 
up, and write data hold times to the microprocessor's 
clock are not the same as in the usual case wh ere there is 
no refresh interference. In this case, SACK is delayed 
until the read or write cycle has been completed by the 
RAM, so that there is no possibility of terminating the 
cycle too soon. 

PCS SET UP TIME MARGIN 

Th e 820 3 's RD, WR, and ALE inputs must be qualified 
by PCS in order to perform a memory cycle. If the PCS 
active set-up time parameter (tpcs) is violated, the 
memory cycle will be delayed. In this case all maximum 
delays normally measured from c omm and Ocr, tco 
*ca) will be measured instead from PCS active and will 
be increased by t P cs (20 ns). Minimum tcR, t C o tcA 
delays re main the same, but are measured from com- 
mand or PCS whichever goes ac tive later. If t P cs is 
violated, care must be taken that PCS does not glitch 
low while RD, WR, or ALE is active, erroneously trig- 
gering a memory cycle, tpcs is not violated in this 
system, however (Equation 8). 



PCS Set-Up Time Margin (Equation 8.) 

= CPU A ddres s Valid to Command Active 

Delay - PCS Decode Time 
= TCLCL(5MHz) + TCLMLmin(8288) - 

[Greater of TCLAVmax(8086) + 

TIVOVmax(8282) or TCLLHmax(8288) + 

TSHOVmax(8282)] 

- tpmax(8205) -t PC smin(8203) 
= 200 + 10 - [Greater of (110 + 30) or 

(15 + 45)] - 18 - 20 
= 32 



RAM DATA OUT HOLD TIME MARGIN 

The 8203 CAS output is only held valid for a fixed 
length of time during a read cycle, after that the RAM 
data outputs are 3-stated. This time is not long enough 
to allow the 8086 to read the data from the bus, so the 
data must be latched externally. This latc h should be a 
transparent type and should be strobed by XACK from 
th e 8203 . Because the minimum time from XACK active 
to CAS inactive is only 10 ns, a latch with a data hold 
time requirement of 10 ns or less (such as a 74S373) 
should be used (see Equation 9). 

RAM Data O ut Hold Time Margin, (Equation 9.) 
from XACK Active 

- t ACK min(8203) + t 0 FFmm(2164A - 20) 
- t H min(74S373)m 

= 10 + 0-10 

= 0 

OTHER CALCULATIONS 

Equations 3, 4, 6 and 7 may be solved directly for N, 
where N is the number of wait states, to find how many 
wait states are required at a given frequency. Alter- 
natively, a number may be substituted for N and these 
equations solved for the 8086's clock period, TCLCL, 
to find the maximum microprocessor frequency possible 
with N wait states. Note that the clock high and low 
times (TCHCL and TCLCH) are also a function of 
TCLCL. Be sure to use the proper speed selection of the 
8086 in this calculation, as various A.C. parameters are 
different and the result may be different for different 
speed selections of the 8086, even at the same frequency. 
Be sure to check the other equations at this frequency to 
make sure they are OK, too. 

Finally, for given values of TCLCL and N, Equations 3, 
4, 6, and 7 may be checked to find the lowest 8203 clock 
frequency which will allow the same system per- 
formance, if it is desired to operate at some frequency 
other than the 25 MHz we assumed. 

. CONCLUSION 

This design will operate with, at worst case, one wait 
state (except for refresh) at microprocessor frequencies 
up to 6 MHz, using slow (200 ns access ti me) dy namic 
RAMs. At 6 MHz, it is limited by a lack of SACK set-up 



[!] A 74S373 must be used to meet this timing re- 
quirement. Even though worst case margin is 0 ns, 
this is not a critical timing, as valid data will hold 
on the latch inputs for a considerable time after 
the RAM outputs 3 -state. 
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time. At 5 MHz, the 8203 can be operated at any clock 
frequency from 18.432 MHz to 25 MHz, still with only 
one wait state. 

Example 2. 8086 Alternate 
Configuration System (5 MHz) 

Figure 37 shows another 8086 Max mode system at 5 
MHz, but this time using the Alternate Configuration, 
which allows it to operate with no wait states (except for 
refresh). 

The sy stem in the previo us example was limited by 
SACK set-u p time. SACK set-up time can be improved 
by sampling SACK later; this h as been done by changing 
the clock edge used to sample SACK, allowing roughly 
2 A clock period longer, SACK set-up time (and read data 
access time and write data hold time) margin can also be 
improved by activating the RD or WR inputs of the 8203 
earlier in the 8086's bus cycle*; this is the purpose of the 
extra logic in Figure 37 (I.C.s A8 - All). These generate 
advanced RD and WR signals timed from the falling 
edge of ALE, which o ccu rs rough ly X A clock period 
sooner than the MRDC and AMWC are generated by the 
8288 Bus Controller. Altogether, these change s allow 
about one 8086 clock period more set-up time for SACK. 

Let's look at this logic in more detail. An Intel 8205 
(A8) is used to decode the 8086's status outputs So_2. An 
opcode fetch, memory read, or memory write decode to 
8205 outputs 4, 5, and 6, respectively. These outputs go 
to the D inputs of two 74S74 flip-flops. The Q output of 
flip-flop A10.2 is an advanced memory read signal and 
the Q output of All. 2 is an advanced memory write 
signal. As shown in Figure 37, the 8203 is not activated 
for opcode fetches, but it can be if 8205 outputs 4 and J 
are ORed with the unused 74S00 gate (A9.4) and the Q 
output of A10.2 used instead of Q. Both flip-flops are 
clocked by the falling edge of ALE to generate the ad- 
vanced commands. Flip- flop A1 0.1 is clocked by the 
trailing edge of eit her AM WC (Advanced Memory 
Write Command) or MRDC (Memory Read Command) 
from the 8288 bus controller (A6), indicating that the 
8086 has completed the memory cycle. A10.1, in turn, 
presets both the A10.2 and Al 1 .2 flip-flops to terminate 
the advanced memory read and write signals to the 
8202A. A10.1 is then preset to its initial state by ALE 
going active at the start of the next bus cycle. 

Because RAM write cycles are started very early in the 
8086 's bus cycle using this logic, the 8203 will activate 
CAS to the RAMs (latching write data) before the data 
is valid from the 8086. This requires delaying WE to the 
RAMs and performing a "late write" (explained earlier 
under Dynamic RAMs) in order to a llow more time for 
the write data to arrive. But the WE signal must not be 



delayed so long that there is no longer enough data hold 
time , measured from when WE goes active; or that the 
WE active to CAS inactive delay spec or the RAM 
(Irwl) i s violated. None of the control signals from the 
8086 or 8288 bus controller satisfy both of these timing 
constraints, so such a signa l is gene rated by flip-flop 
Al 1 . 1 , which serves to delay AMWC from the bus con- 
troller by an amount of time equal to TCLCH (the low 
time of the 8086's clock). All.l is also preset by A10.1 
at the end of the memory cycle. The Q output of Al 1 . 1 
is ANDed with WE from the 8203 by A14.1 to form a 
delayed RAM WE. As in the p revious example, this 
signal is then ANDed with BHE and AO to form the 
WE for the high and low bytes of RAM, respectively. 

A total of four packages (three 14-pin and one 16-pin) 
of TTL logic are required. 

The dynamic RAM interface timings are identical to the 
last example (Equations 1 (a)-(h)); 2164A-20 RAMs will 
be used again. 

ADDRESS SET-UP AND HOLD TIME MARGINS 

Address set-up and hold time margins are given in 
Equations 10 and 11, respectively. An 8086-2 
microprocessor has been used instead of the standard 
8086, as this speed-selected part gives better address set- 
up to RD or WR times, which this design needs since it 
uses advanced RD and WR commands. 

Row Address Set-Up Time Marginal (Equation 10.) 

= C PU Ad dress to Adv. RD Delay 
+ RAS Delay - Address Delays 

= TCLCHmin(8284A) + TCHLLmin(8288)l 2 l 
+ t PLH min(74S00)l 3 l + t PHL min(74S74)I 2 l 
+ t CR min(8203) - [Greater of 
TCLAVmax(8086 - 2) + TIVOVmax(8282) 
or TCLLHmax(8288) + TSHOVmax(8282)] 
- t AD max(8203) - t ASR min(2164A-20) 

= P/3(200) - 15] + 2 + 1 + 2 + [(40) + 30] 
, - [Greater of (60 + 30) or (15 + 45)] - 40 - 0 

= 63 



[13 Read or write cycles only. Eq. lb gives this timing 

for refresh cycles. 
[2] Not specified — use 2 ns. 
[3] Not specified — use 1 ns. 
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Address Hold Time Margin (N = 0) (Equation 1 1 .) 
= CPU A ddress Hold Time from Adv. RD 

Active - RAS Inactive Delays 
= (3 + N)TCLCL(5MHz) + TCHCLmin(8284A) 

+ TCLLHmin (8288) 

+ TSHOVmin(8282) - TCLMLmax(8288) 

- t cc max(8203) - t RSH niax(8203) 

= (3)200 + [ 1 / 3 (200) + 2] + 2 + 5 - 35 

- [4(40) + 85] - [5(40) + 20] 
175 

READ DATA ACCESS TIME MARGIN 

Read data access time margin is shown in Equation 12; 
no wait states are required for read cycles, even with 200 
ns access time RAMs. 

Read Data Access Time (Equation 12.) 

Margin (N = 0) 

= Adv. RD to Data Valid Delay - CAS Delay 

- Read Data Delays 

= (2+N)TCLCL(5MHz) + TCHCLmin(8284A) 

- TCHLLmax(8288) - t PLH max(74S00) 

- tpHimax(74S74) - t C cmax(8203) 

- t CAC max(2164A— 20) - tpmax(74S373) 

- TIVOVmax(8286) - TDVCLmin(8086— 2) 
= (2)200 + [1/3(200) + 2] - 15-5-10 

-[4(40) + 85] - 110 - 30 - 30 -20 
= 3 

WRITE DATA SET-UP AND HOLD TIME MARGINS 

Write data set-up and hold times are shown in Equa- 
tions 13 and 14, respectively. No wait states are required 
during write cycles. Note that write data set-up has been 
guarante ed by delaying WE from the 8203 with clocked 
AMWC from the bus controller and performing "late 
write" cycles; write data set-up time would not be 
satisfied otherwise. Equation 15 verifies th at W E has 
no t been delayed too long to meet the RAM's WE active 
to RA S inac tive set-up time (tRWL). The RAM's WE ac- 
tive t o CA S inactive set-up time (tcwO is also satisfied, 
since CAS does not go inactive until at least 20 ns after 
RAS. 



(Equation 14.) 



Write Data Hold Time 
Margin (N = 0) 

= CPU Data Hold Time from Clocked AMWC 
+ Data Delays - WE Delays 

= (2 + N)TCLCL(5MHz) 

= TCHDXmin(8086— 2) + TIVOVmin(8286) - 

- tpH L max(74S74) - (2)t PH Lmax(74S32) 

- t DH min(2164A— 20) 

= (2)200 + 10 + 5 - 10 - (2)7 - 45 
= 346 

W E Acti ve Set-Up Time Margin (Equation 15.) 

to RAS Inactive 

= TCHLLmin(8284A) W + t PLH min(74S00)I 2 ] 
+ t cc min(8203) + t RSH min(8203) 

- t S KEw(74S74)t3] -(2)tp HL max(74S32) 

- t RWL min(2164A— 20) - TCLCL(5MHz) 
= 2 + 1 + [3(40) + 25] + [5(40) - 30] 

- 2 - (2)7 - 50 - 200 
= 52 



SACK SET UP TIME MARGIN 



Equation 16 shows that SACK set-up time is satisfied; 
no wait states will be generated for read or write cycles 
(except for refresh). 



SACK Set-Up Time Margin (N = 0) (Equation 16.) 
= (1 + N)TCLCL(5MHz) - TCHLLmax(8288) 

- tp L Hmax(74S00) - t PH imax(74S74) 

- t C Ainax(8203) - t S umin(74S74) 
= 200 - 35 - 5 - 10 [2(40) + 47] -3 
= 20 



Write Data Set-Up Time Margin 



(Equation 13.) 



CPU Data to Clocked AMWC Set-Up 
+ WE Delays - Data Delays 
TCLCHmin(8284A) + t PHL min(74S74)t 1 ] 
+ (2)t PHL min(74S32)n] 

- TCLDVmax(8086-2) - TIVOVmax(8286) 

- t D smin(2164A— 20) 

[ 2 / 3 (200) - 15] + 2 + (2)2 - 60 - 30 - 0 
34 



[i] Not specified — use 2 ns. 
[2] Not specified — use 1 ns. 
13] *skew(74S74) is max. skew between 

tpHi/Q output, from CLK) of two Q outputs in 

same package — use = 2 ns. 
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PCS Set-Up Time Margin (Equation 17.) 

= CPU Addre ss Va lid to Adv. RD or Adv. 

WR Delay - PCS Decode Time 
= TCLCHmin(8284A) + TCHLLmin(8288)ni 
+ t PLH min(74S00) + t PHL min(74S74)l 1 J 

- TCLAVmax(8086— 2) - TIVOVmax(8282) 

- tpmax(74S138Pl - t PC smin(8203) 

= [ 2 / 3 (200) - 15] + 2 + 1 + 2 - 60 - 30 - 12 - 20 
= 1 

PCS SET-UP TIME MARGIN 

PCS set-up time for the 8203 (t PCS ) is satisfied, but not 
with as much margin in the last example (Figure 17). 



[l] Not specified — use 2 ns. 

[2] Not specified — use 1 ns. 

[3] Must use 74S138 to maintain PCS Set-Up 
Time Margin. 



This is because the RD and WR commands are activated 
earlier in the micro processor's bus cycle, leaving less 
time to decode PCS from the address bus. 



CONCLUSION 

This design will operate with a guaranteed zero wait 
states up to 5 MHz using slow (200 ns access time) 
RAMs. At this frequency, it is limited by both re ad and 
write data set-up times, and to a lesser extent, by SACK 
set-up time. Using faster RAMs will not ra ise the max- 
imum frequency, as write data and SACK set-up times 
are not affected by the RAM speed. The 8203 operating 
frequency must be 25 MHz. 

This design can be used (with some modifications) to 
allow one wait state performance up to 8086 clock fre- 
quency of 8 MHz. 
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ABSTRACT 

This Application Note shows an error corrected 
dynamic RAM memory design using the 8203 64K 
Dynamic RAM Controller, 8206 Error Detection and 
Correction Unit and 150 ns 64K Dynamic RAMs with a 
minimum of additional logic. 

The goals of this design are to: 

1. Control 128K words x 16 bits (256 KB) of 64K 
dynamic RAM. 

2. Support 150 ns dynamic RAMs. 

3. Write corrected data back into dynamic RAM when 
errors are detected during read operations. 

4. To use a minimum of additional logic. 

It is not the goal of this design to: 

1 . Provide the maximum possible performance. 

2. Provide features like error logging, automatic error 
scrubbing and dynamic RAM initialization on 
power-up, or diagnostics, although these features 
can be added, 



DESIGN 

Figure 1 shows a memory design using the 8206 with 
Intel's 8203 64K Dynamic RAM Controller and 150 ns 
64K Dynamic RAMs.' As few as three additional ICs 
complete the memory control function (Figure 2). 

For simplicity, all memory cycles are implemented as 
single-cycle read-modify-writes, shown in Figure 3. This 
cycle differs from a normal read or write primarily when 
the dynamic RAM write enable (WE) is activated. In a 
normal write cycl e, WE is activated early in the cycle; in 
a read cycle, WE is inactive. A read-modif y-wr ite cycle 
consists of two phases. In the first phase, WE is inac- 
tive, and data is re ad from the dynamic RAM; for the 
second phase, WE is activated and the (modified) data is 
written into the same word in the dynamic RAM. 
Dynamic RAMs have separate data input and output 
pins so that modified data may be written, even as the 
original data is being read. Therefore data may be read 
and written in only one memory cycle. 



A17-A1 



3F 



IA7-Ao 
CHECK 

RAS i!!L 
RAS ™ 

DO 



XACK 



Vcc 




Figure 1. 8203/8206 Memory System 
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In order to do read-modify-writes in one cycle, the 
dynamic RAM's CAS strobe must be active long enough 
for the 8206 to access data from the dynamic RAM, cor- 
rect it, and wr ite t he corrected data back into the 
dynamic RAM. CAS active time is an 8203 spec (tcAs)» 
and is dependent on the 8203' s clock frequency. The 
clock frequency and dynamic RAM must be chosen to 
satisfy Equation 1 . 



(Eq. 1) 



8203 



Dynamic 
RAM 



8206 



Dynamic Dynamic 
8206 RAM RAM 



t CAS min > t CAC +TDVQV+ TQVQV +t DS + t CWL 
5(54)-10 85 + 67 + 59 + 0 + 40 
260 > 251 f 

The 8203 itself performs normal reads and writes. In 
order to perform read-modif y-wr ites , all that is needed 
is to change the timing of the WE signal. In this design, 
WE is generated by the interface logic in Figure 2— the 
8203 WE output is not used. All other dynamic RAM 
control signals come from the 8203. A 20-ohm damping 
resistor is used to reduce ringing of the WE signal. These 
resistors are included on-chip for all 8203 outputs. 

The interface logic generates the R/W input to the 8206. 
This signal is high for read cycles and low for write 
cycles. During a read-modify-write cycle, R/W is first 
high, then low. The falling edge of R/W tells the, 8206 to 
latch its syndrome bits internally and generate corrected 
check bits to be written to dynamic RAM. Corrected 
data is already available from the DO pins. No control 
signals at all are required to generate corrected data. 



R/W is generated by delaying CAS from the 8203 with a 
TTL-buffered delay line. This allows the 8206 sufficient 
time to generate the syndrome; this delay, toELAY i» 
must satisfy Equation 2. 



(Eq. 2) 



Dynamic 
RAM 

t DELAY 1 ^ *CAC 

150 £ 85 
150 > 119 



8206 

+ TDVRL 
+ 34 



The 8206 uses multiplexed pins tq output first the syn- 
drome word and then check bits. This same R/W signal 
may be used to latch the syndrome word externally for 
error logging. The 8206 also supplies two useful error 
signals. ERROR signals the presence of an error in the 
data or check bits. CE tells if the error is correctable 
(single bit in error) or uncorrectable (multiple bits in 
error). 

In the event that an uncorrectable error is detected, the 
18206 will force the Correctable Error (CE) flag low; this 
may be used as an interrupt to the CPU to halt execu- 
tion and/or perform an error service routine. In this 
case the 8206 outputs data and check bits just as they 
were read, so that the data in the dynamic RAM is left 
unaltered, and may be inspected later. 

After R/W goes low, sufficient time is allowed for the 
8206 to generat e cor rected check bits, then the interface 
logic activates WE to write both corrected data and 
check bits into dynamic RAM. WE is generated by 
delaying CAS from the 8203 with the same delay line 
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Figure 2. Interface Logic 
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Figure 3. Single-Cycle Read-Modify-Write 



used to generate R/W. This delay, toELAY 2» must be 
long enough to allow the 8206 to generate valid check 
bits, but not so long that the t C wL spec of the RAM is 
violated. This is expressed by Equation 3. 



(Eq. 3) 



8206 



8203 



Dynamic 
RAM 



*delay i + TRVSV < t DELAY2 < t CAS min - tc WL 
150 + 42 < 200 < 260 - 40 
192 < 200 < 220 * 

Unlike other EDC chips, errors in both data and check 
bits are automatically corrected, without programming 
the chip to a special mode. 

Since the 8203 terminates CAS to the dynamic RAMs a 
fixed length of time after the start of a memory cycle, a 
latch is usually needed to maintain data on the bus until 
the 8086 completes the rea d cycle. This is conveniently 
done by connecting XACK from the 8203 to the STB in- 
put of the 8206. This latches the read data and check 
bits using the 8206's internal latches. v 

The 8086, like all 16-bit microprocessors, is capable of 
reading and writing single byte data to memory. Since 
the Hamming code works only on entire words, if you 
want to write one byte of the word, you have to read the 
entire word to be modified, do error correction on it, 
merge the new byte into the old word inside the 8206, 
generate check bits for the new word, and write the 



whole word plus check bits into dynamic RAM. A byte 
write is implemented as a Read-Modify-Write. 

Why bother with error correction on the old word? Sup- 
pose a bit error had occurred in the half of the old word 
not to be changed. This old byte would be combined 
with the new byte, and new check bits would be gener- 
ated for the whole word, including the bit in error. So 
the bit error now becomes "legitimate"; no error will be 
detected when this word is read, and the system will 
crash. You can see why it is important to eliminate this 
bit error before new check bits are generated. Byte 
writes are difficult with most EDC chips, but easy with 
the 8206. 

Referring again to Figure 2, the 8206 byt e mar k inputs 
(BMo, BMi), are generated from AO and BHE, respec- 
tively, of the 8086's address bus, to tell the 8206 which 
byte is being written. The 8206 performs error correc- 
tion on the entire word to be modified, but tri-states its 
DO/WDI pins for the byte to be written; this byte is 
provided from the data bus by enabling the correspon- 
ding 8286 transceiver. The 8206 then generates check 
bits for the new word. 

During a read cycle, BMq and BMj are forced inactive, 
i.e., the 8206 outputs both bytes even if 8086 is only 
reading one. This is done since all cycles are imple- 
mented as read-modify-writes, so both bytes of data 
(plus check bits) must be present at the dynamic RAM 
data input pins to be rewritten during the second phase 
of the read-modify-write. Only those bytes actually be- 



6-41 



AFN02114A 



AR-141 



ing read by the 8086 are driven on the data bus by enabl- 
ing the corresponding 8286 transceiver. 

The o utput enables of the 8286 transceivers (OEB0, 
OEB1) are qualified by the 8086 RD, WR commands 
and the 8203 CS. This serves two purposes: 

1. It prevents data bus contention during read cycles. 

2. It prevents contention between the transceivers and 
the 8206 DO pins at the beginning of a write cycle. 



CONCLUSION 

Thanks to the use of a 68-pin package, the 8206 Error 
Detection and Correction Unit is able to implement an 
architecture with separate 16 pin input and output 
busses. The resulting simplification of control require- 
ments allows error correction to be easily added to an 
8203 memory subsystem with a minimal amount of 
interface logic. 



6-42 



AFN02114A 



irrtel" 



APPLICATION AP1R7 
NOTE AP " 16? 



August 1983 




©Intel Corporation, 1983. v ORDER NUMBER: 230809-001 

NOVEMBER 1983 



6-43 



AP-167 



INTRODUCTION 

Most microprocessor based workstation designs to- 
day use large amounts of DRAM for program storage. 
A drawback to DRAMs is the many critical timings 
that must be met. This control function could easily 
equal the area of the DRAM array if implemented with 
discrete logic. 

The VLSI 8207 Advanced Dynamic RAM Controller 
(ADRC) performs complete DRAM timing and con- 
trol. This includes the normal RAM 8 warm-up cycles, 
various refresh cycles and frequencies, address 
multiplexing, and address strobe timings. The 8207's 
system interface and RAM timing and control are pro- 
grammable to permit it to be used in most 
applications. 

Integrating all of the above functions (plus a dual port 
and error correcting interfaces) allows the user to 
realize significant cost savings over discrete logic. For 
example, comparing the 8207 to the iSBC012B 512K 
byte RAM board (where the DRAM control is done 
entirely with TTL), an 8207 design saved board space 
(3 in^ vs 10 in^); required less power (420 ma vs 
1220 ma); and generated less heat. Moreover, design 
time was reduced, and increased margins were a- 
chieved due to less skewing of critical timings. This 
comparison is based on a single port design and did 
not include the 8207's RAM warm-up, dual-port and 
error correcting features. If these features were fully 
implemented, there would be no change to the 8207 
figures, listed above, while the TTL figures would easi- 
ly double. 



This Application Note will illustrate an iAPX design 
with the 8207 controlling the dynamic RAM array. The 
reader should be familiar with the 8207 data sheet, the 
80186 data sheet, and a RAM data sheet*. 



DESIGN GOALS 

The main objective of this design is for the 80186 to 
run with no wait states with a Dynamic RAM array. 
The design uses one port of the 8207. The dual port 
and error correcting interfaces of the 8207 are covered 
in separate Application Notes. 

The size of the RAM array is 4 banks of 64k RAMs 
or 512k bytes. The memory is to be interfaced localjy 
to the 80186. 



USING THE 8207 

The three areas to be considered when designing in 
the 8207 are: 

• 8207 programming logic 

• Microprocessor interface 

• RAM array 

8207 Programming 

The 8207 requires up to two 74LS165 shift registers 
for programming. This design needs one 8 bit shift 
register, as shown in Figure 1 . The 16 bits in the Pro- 
gram Data Word are set as shown in Figure 2. Refresh 
is done internally, so the REFRQ input must be tied 
high. The memory commands are iAPX 86 status, so 
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Figure 1 . 8207 programming shift registers 

*AII RAM references in this Application Note are based on Intel's 2164A 64k Dynamic RAM. 

6-44 



230809-001 



inter 



AP-167 



+5 



74S30 



Tg: OTHER ACK INP UTS, . . . _ . _ 

— 1 Mil II 1 1 



^RDY'CLK 



80186 



ADDR 
DATA 
DT/R DEN 




AACK 



P-K PDI 
8207 gX| 

PCTL PCLK 
GD~ WE 

ADDR . PSEN 



A19 



SER OUT 



74LS165 



h 




MEMORY 
(UPPER) 



WE Dl DO 



c 



AO v Q 
> 0 

BHE 74S74 




74S37 



MEMORY 
(LOWER) 



WE Dl DO 



S240 
(2) 
OE 



ADDRESS 
BUS 



S240 
(2) 
OE 



DATA 
BUS 



NOTE: THE 8207 REQUIRES SERIES RESISTORS ON ALL OUTPUTS TO RAM. 



Figure 3. 80186 to 8207, non-ECC, synchronous system single port. 



the timing of EAACK will always guarantee 2 clocks 
of address hold time from RAS. 

Acknowledge Setup Time 

The margin between the 8207 issuing EAACK and the 
80186 ready input for no wait states minus delays from 
clock edges, logic delays, and setup time is calculated 
as follows. 

1 clock - 8207 TCLAKL max -74S30 tPLH @ 
15 pf - 80186 TSRYCL > 0 

> 125 ns - 35 - 22 - 35 = 33 ns 

Read Access Margin 

The 8207 starts a memory cycle on the falling clock 
edge between the 801 86' s Tl and T2. Data must be 
valid within 2 clocks. Valid data from the RAMs is 



based upon the CAS access period minus buffer, 
clock, setup requirements. 

2 TCLCL - 8207 TCLCSL @ 150 pf (t34) - 
DRAM tCAC - 74S240 propagation delay @ 
50 pf - additional bus loading delay 
(250 pf)^) - 74S240 delay @ 50 pf - 80186 
TDVCL >0 

250 ns - 122 - 85 - 7 - 7 - 7 - 20 = 2 ns 

Write Data Setup and Hold Margin 

Data from the processor must be valid when WE 
is issued by the 8207 to meet the RAM specifica- 
tion tDS (2164A = 0 ns), and then held for a 
minimum of 30 ns. . 

(1) 74STTL logic derated by .05 ns/pf. 74STTL 
buffers (240, 37) derated by .025 ns/pf. 
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Figure 2. Program data word 



the PCTLA input must be high when RESET goes 
inactive. 

The differential reset circuit shown in the Data Sheet 
is necessary only to ensure that memory commands 
are not received by the 82d7 when Port A is changed 
from synchronous to asynchronous (vice versa for 
Port B). This design keeps Port A synchronous so no 
differential reset circuit is needed. 

Microprocessor Interface 

To achieve no wait states, the 8207 must connect 
directly to the microprocessor's CLKOUT and status 
lines. The 8207 Acknowledge (EAACK) must connect 
to the SRDY input of the 80186. 

When the 8Q186 is reset, it tristates the status lines. 
The 8207 PCTLA input requires a high to decode the 
proper memory commands. This is accomplished by 
using a pull-up resistor or some component that 
incorporates a pull-up on S2. 

" The 8207 address inputs are connected directly to the 
latched/demultiplexed address bus. 

RAM Array 

The 8207 provides complete control of all RAM tim- 
ings, warm up cycles, and refresh cycles. All write 
cycles are "late writes." During write cycles, the data 
out lines go active. This requires separate data in/out 
lines in the RAM array. 

To operate the 80186 with no wait states, it is necessary 
to chose sufficiently fast DRAMs. The 150 ns version 
of the 2164A allows operating the 80186 at 8 MHz, 
and the 200 ns version up to 7 MHz. 

HARDWARE DESIGN 

Figure 3 shows a block diagram of the design, and 
Figure 4 is a timing diagram showing the relationship 
between the 8207 and the 80186. 

8207 Command Setup 

Two events must occur for a command to be recog- 
nized by the 8207. The 80186 status outputs are sam- 
pled by a rising clock edge and Port Enable (PE) is 
sampled by the next falling clock edge (refer to the 
Data Sheet wave forms). 



The command timing is determined by the period be- 
tween the status being issued and the first rising clock 
edge of the 8207, minus setup and delays. 

80186 status valid to 8207 rising clock - status from 
clock delay - 8207 setup to clock > 0 

1 TCLCL - 80186 TCHSV max - 8207 TKVCH 
min > 0 

125 ns - 55 - 20 = 50 ns 

PE is a chip select for a valid address range. It can 
be generated from the address bus or from the 80186*8 
programmable memory selects. This design uses an 
inverted A 19. The timing is determined by the inter- 
val between the address becoming valid and the fall- 
ing clock edge, minus setup and delays. 

80186 address valid to 8207 falling clock edge 
- 80186 address from clock delay - 8283 latch 
delays - 8207 PE setup > 0 

1 TCLCL - 80186 TCLAV max - 8283 IVOV @ 
300 pf - 8207 TPEVCL > 0 

125 ns - 44 - 22 - 30 = 29 ns 
The hold times are 0 ns and are met. 

Address Setup 

For an 80186 design, the 8207 requires the address to 
be stable before RAS goes active, and to remain stable 
for 2 clocks. Unused 8207 address inputs should be 
tied to Vcc. 

tASR is a RAM specification. If it is greater than zero, 
this must be added to the address setup time of the 
8207. Address setup is the interval between addresses 
being issued and, RAS going active, minus appropriate 
delays. 

80186 address valid to 8207 RAS active - 
80186 address from clock delay - bus delays - 
(8207 setup + RAM t ASR ) >0 

TCLCL + 8207 TCLRSL min @ 150 pfO) - 
80186 TCLAV max - 8283 IVOV max @ 300 pf 
-(8207 TAVCL min + DRAM t ASR ) > 0 

125 ns + 0 - 44 - 22 - (35 + 0) = 24 ns 

The address hold time of 2 clocks + 0 ns is always 
met, since the addresses are latched by the 8282/3. 
Even when the processor is in wait states (for refresh), 

(1) Not specified— use 0 ns. 
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TCLCL + TCLCH + 8207 TCLW minO) + 
74S L 37delay tPHL min @ 50 pf + additional 
loading (142 pf) - 80186 TCVCTV - 
74S240tPZL - bus delays (250 pf) - 74S240 . 
delay - 2164A tDS > 0 

125 + 62.5 + 0 + 6.5 + 3.5 - 70 - 15 - 7 - 7 - 
0 = 98.5 ns 

The hold time, tDH, is from WE going low to the 
80186 DEN going high plus buffer delays minus 
WE from clock delays. 

TCLCL - 80186 TCVCTX min + 74S32 
tPD( 2 ) min + 74S240 tPHZ (min)( 2 ) + 250 pf 
bus delays + 74S240 propagation delay min - 
8207 TCLW max - 74S37 tPHL @ 50 pf - 
142 pf loading delays - DRAM tDH > 0 



62.5 ns + 10 + 2 + 3 + 7 + 3.5 - 35 - 
3.5 - 30 = 19.5 ns 

All margins are actually better by about 10-20 ns. No 
improvement in timing was allowed for lower 
capacitive loads when additional buffers are used (i.e. 
the 80186 address out delay is at 200 pf, but the 8283 
latch only loads these lines with about 20 pf). 



SUMMARY 

The 8?07 supports the 80186 microprocessor run- 
ning with no wait states. The 8207 interfaces easi- 
ly between the microprocessor and dynamic RAM. 
There are no difficult timings to be resolved by 
the designer using external logic. 



( T1 , T2 j T3 , T4 , T1 , T2 , T3 , T4 j T1 j Tl , Tl j Tl ^ T2 , T3 , TW f TW f TW t f 4 




NOTES: 

1. COMMAND SETUP MARGIN 
' 2. PE SETUP MARGIN 

3. EAACK SETUP MARGIN 

4. DATA SETUP MARGIN 

5. READ ACCESS MARGIN 



Figure 4. 8207/80186 timing relationship 



(1) Not specified, use 0 ns. 

(2) Not specified, use one half of typical value. 
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INTRODUCTION 

The 80286 high speed microprocessor pushes 
microprocessor based systems to new performance 
levels. However, its high speed bus requires special 
design considerations to utilize that performance. In- 
terfacing the 80286 to a dynamic RAM array require 
many timings to be analyzed, refresh cycle effects on 
bus timing examined, minimum and maximum signal 
widths noted, and the list continues. 

The 8207 Advanced Dynamic RAM Controller was 
specifically designed to solve all interfacing issues for 
the 80286, provide complete control and timing for 
the DRAM array, plus achieve optimum system per- 
formance. This includes the normal RAM 8 warm- 
up cycles, various refresh cycles and frequencies, ad- 
dress multiplexing, and address strobe timings. The 
8207 Dynamic RAM Controller's system interface and 
RAM timing and control are programmable to per- 
mit it to be used in most applications. 

Integrating these functions (plus dual port and error 
correcting interfaces) allows the user to realize signifi- 
cant savings in both engineering design time, PC board 
space and product cost. For example, in comparing 
the S207 to the ISBC012B 512k byte RAM board 
(where the DRAM timing and control is done entire- 
ly with TTL), the 8207 design saved board space (3 in 2 
vs 10 in 2 ); used less power (420 ma vs 1220 ma); 
reduced the design time; and increased margins due 
to less skewing of timings. The comparison is based 
upon a single port 8207 design and does not include 
its RAM warm-up, dual port, error correcting, and 
error scrubbing or RAM interleaving features. 

This Application Note will detail an 80286 and 8207 
design. The reader should have read the 8207 and the 
80286 data sheets, a DRAM data sheet*, and have them 
available for reference. 

DESIGN GOALS 

The main objective of this design is to run the RAM 
array without wait states, to maximize the 80286's per- 
formance, and to use as little board space as possi- 
ble. The 80286 will interface synchronously to Port 
A of the 8207 and the 8207 will control 512k bytes 
of RAM (4 banks using 64k DRAMs). The dual port 
and error correcting features of the 8207 are covered 
in separate Application Notes. 



8207 INTERFACE 

The 8207 Memory design can be subdivided into three 
sections: 

• Programming the 8207. 

• The 80286/8207 interface. 

• The Dynamic RAM array. 

Programming the 8207 

The RAM timing is configured via the 16 bit program 
word that the 8207 shifts-in when reset. This can re- 
quire two 74LS165 shift registers to provide complete 
DRAM configurability. The 8207 defaults to the con- 
figuration shown in Table 1 when PDI is connected 
to ground. This design does not need the flexibility 
the shift registers would allow since standard 
8207/80286 clock frequencies, DRAM speeds and 
refresh rates are used. Table 1 details the 8207/80286 
configuration and Table 10 in the Data Sheet iden- 
tifies "CO" as the configuration of the 8207 all tim- 
ings will be referenced to (80286 mode at 16 MHz us- 
ing fast RAMs = CO). 

Table 1 . Default Non-ECC programming, PD1 
pin (57) tied to ground. 



Port A is Synchronous (EAACKA and XACKA) 

Port B is Asynchronous (LAACKB and XACKB) 

Fast-cycle Processor Interface (10 or 16 MHz) 

Fast RAM 100/120 ns RAM 

Refresh Interval uses 236 clocks 

128 Row refresh in 2 ms; 256 Row refresh in 
4 ms 

Fast Processor Clock Frequency (16 MHz) 
"Most Recently Used" Priority Scheme 
4 RAM banks occupied 



The 8207 will accept 80286 status inputs when the 
PCTLA pin is sampled low at reset. This pin is not 
necessary for an 80286 design (besides programming) 
and is tied to ground. 

Refresh is the final option to be programmed. If the 
Refresh pin is sampled high at reset, an internal timer 



*AII RAM references in this Application Note are based upon Intel's CMOS 51C64-12 64k Dynamic RAM. Any DRAM with similar tim- 
ings will function. Refer to section 4.4. 
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is enabled, and if low at reset, this timer is disabled. 
The first method is the easiest to implement, so the 
RFRQ pin is tied to Vcc. 

The differential reset circuit shown in the Data Sheet 
is necessary only to ensure that memory commands 
are not received by the 8207 when Port A is changed 
from synchronous to asynchronous (vice versa for 
Port B). This design keeps Port A synchronous so no 
differential reset circuit is needed. 

RAM Array 

The 8207 completely controls all RAM timings, warm- 
up cycles, and refresh cycles. To determine if a par- s 
ticular RAM will work with the 8207, calculate the 
margins provided by the 8207 (Table 15, 16—8207 
Data Sheet) and ensure they are greater than the RAM 
requirement. An additional consideration is the ac- 
cess times of the RAMs. The access time of the system 
is dependent upon the number of data buffers between 
the 80286 and the DRAMs. To operate the 80286 at 
zero wait states requires access times of 100-120 ns. 
Slower RAMs can be used (150 ns) by either adding 
a wait state (programming the 8207 for "CI") or 
reducing the clock frequency (to 14.9 MHz approx- 
imately and maintaining the CO configuration.) 

All write cycles are "late writes" and the data out lines 
of the RAM will go active. This will require separate 
data in and out lines in the RAM array. Another con- 
sideration for the RAM array is the proper layout of 
the RAM, and impedance matching resistors on the 
8207 outputs. Proper layout is covered in Intel's RAM 
Data Sheets and Application Notes. 

Microprocessor Array 

To achieve no wait state operation, the 8207's clock 
input must be connected to the 80286' s clock input. 
The EAACK (early acknowledge) output of the 8207 
must connect to the SRDY input of the 82284. The 
8207's address inputs connect directly to the 80286 
address outputs and the addresses are latched inter- 
nally. This latch is strobed by an, internal signal with 
the same timing as LEN (which is for dual port 80286 
designs). Figure 2 shows the timing relationship bet- 
ween LEN and the 80286. 

LEN will fall from high to low, which latches the bus 
address internally, when a valid command is receiv- 
ed. LEN can go high in two clock cycles if the RAM 
cycle started (RAS going low) at the same time LEN 
went low. If the 8207 is doing a refresh cycle, the 80286 
will be put into wait states until the memory cycle can 



start. LEN will then go high two clocks after RAS 
starts, since addresses are no longer needed for the 
current RAM cycle. Thus the low period of LEN could 
be much longer than listed in the Data Sheet. 

DESIGNING THE HARDWARE 

Figure 1 shows a detailed block diagram of the design 
and Figure 2 shows the timing relationship between 
the 8207 and the 80286. 

The following analysis of six parameters will confirm 
that the design will work. These six system parameters 
are generally considered the most important in any 
microprocessor— Dynamic RAM design. 

8207 Command Setup Margin 

Two events must occur for the 8207 to start a memory 
cycle. Either RD or WR active (low) and PE must be 
low when the 8207 samples these pins on a falling clock 
edge. If PE is not valid at the same clock edge that 
samples RD or WR active, the memory cycle will be 
aborted and no acknowledge will be issed. 

The command setup time is based upon the status be- 
ing valid at the first falling clock edge. 

80286 status valid to 8207 falling clock - 
80286 status from clock delay - 8207 
command setup to clock < 0 
TCLCL - 80286 tl2 (max) - 8207 TKVCL 
(min) < 0 

62.5 - 40ns - 20ns = 2.5ns 

PE is decoded from the address bus and must be set 
up to the same falling clock edge that recognizes the 
RD, WR inputs. This margin is determined from the 
clock edge that issues the address and the clock edge 
that will recognize RD or WR, minims decoding logic 
delays. 

There are 2 clocks between addresses being issued by 
the 80286 and PE being sampled by the 8207. Then 
the 80286 address delay from the clock edge and 
decoding logic delays are subtracted from this inter- 
val. This margin must be greater than 0. 

2TCLCL - 80286 tl3 (max) - 8207 TPEVCL 
(min) < 0 

125 - 60 - 30 = 35ns 
The address decode logic must use no more than 35 ns 
(and less is better). Figure 3 shows an easy implemen- 
tation which uses a maximum of 12 ns. 

The 8207 requires a zero ns hold time and is always 
met. 
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NOTE: THE 8207 REQUIRES SERIES RESISTORS' ON ALL OUTPUTS. 



Figure 1 . 80286 to 8207, non-ECC, Synchronous System Single Port 
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Figure 2. 80286/8207 Timing— "CO". 




Figure 3. Address Decode Logic 



6-52 



230862-001 



inteT 



AP-168 



Address Setup Margin 

The 8207 must have stable addresses up to two clocks 
after RAS goes active. This is of no concern to the 
user, since LEN latches the address internally and will 
not admit a new address until two clocks after RAS 
goes active. 

Addresses must be stable at least 35 ns (tAVCL) before 
RAS goes active to allow for propagation delays 
through the 8207, if a RAM cycle is not delayed by 
the 8207. 

tASR is a RAM specification. If it is greater than zero, 
tASR must be added to the address setup time of the 
8207. Address setup is the interval between addresses 
being issued, by the 80286, and RAS going active, 
minus appropriate delays. 

The margin is determined from the number of clocks 
between addresses being issued from the 80286 to RAS 
going active. Exactly when RAS goes active is unim- 
portant, since here we are interested only in the clock 
edge. 

2TCLCL - 80286 tl3 (max) - 8207 TAVCL 
(min) < 0 

125 - 60ns - 35ns = 35ns 



Acknowledge Setup Margin 

The 8207 acknowledge (EAACK) can be issued at any 
point in the 80286 bus cycle (end of +1 or $2 of Ts 
or Tc). If EAACK is issued at the end of $2 (Ts or 
Tc), the 80286 will complete the current bus cycle. If 
EAACK is issued at the end of +1 of Tc, the 82284 
will not generate READY to the 80286 in time to end 
the current bus cycle. A new Tc would then be 
generated and EAACK would now be sampled in time 
to terminate the bus cycle. EAACK is 3 clocks long 
in order to meet setup and hold times for either 
condition. 

We need the margin between the 8207 issuing EAACK 
and the 82284 needing it. Figure 4, shows a worst case 
example. 

TCLCL - 8207 TCLAKL max - 82284 til < 0 
62.5 - 35 - 15 = 12.5ns 

Read Access Margin 

The 8207 will typically start a memory cycle (i.e. RAS 
goes low) at the end of <|>1 of Ts. But if the start of 
a memory cycle is delayed (by a refresh cycle for in- 
stance), then RAS will be delayed. In the first case, 
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this represents 3 clocks and the second case could re- 
quire 4 clocks to meet the data setup requirements of 
the 80286. In either case, data must be valid at the 
end of Tc. The 8207 holds CAS active long enough 
to ensure valid data is received by the 80286 in either 
case. 

DRAMs specify two access times, RAS access (tRAC) 
and CAS access (tCAC) Both access periods must be 
calculated and the one with the least margin used. Also 
the number of data buffers should be kept to a 
minimum. Too many buffers would require either 
faster (more expensive) DRAMs, or a reduction in the 
performance of the CPU (by adding wait states). 



RAS Access Margin 

3TCLCL - 8207 TCLRSL max @ 150 pf - 
DRAM tRAC - 74S240 propagation delay max 
@ 50 pf - 80286 t8 < 0 

187.5 - 35 - 120 - 7 - 10 = 15.5ns 



CAS Access Margin 

2TCLCL - 8207 TCLCSL max @ 150 pf- DRAM 
tCAA (or tCAC - 74S240 tplh max @ 50 pf - 
80286 t8 < 0 

125 - 35 - 60 - 7 - 10 = 13ns 

By solving each equation for tRAC and tCAC, the 
speed requirement of the RAM can be determined. 

DRAM tRAC = 3 TCLCL - 8207 TCLRSL - 
74S240 tplh - 80286 t8 = 135.5ns 

DRAM tCAC = 2 TCLCL - 8207 TCLCSL - 
74S240 tplh - 80286 t8 = 73ns 



So any DRAM that has a RAS access period less than 
135 ns, a CAS access period less than 73 ns, and meets 
all requirements in the DRAM Interface Timing (Table 
15, 16—8207 Data Sheet), will work. 

Write Data Setup arid Hold Margin 

Write data from the processor must be valid when the 
8207 issues WE to meet the DRAM specification tDS 
and then held to meet the tDH requirement. Some 
write cycles will be byte writes and the information 
f to determine which byte is decoded from AO and 
BHE/. Since the 80286' s address bus is pipelined, these 
two signals can change before the RAM cycle starts, 
hence they must be latched by LEN. PSEN is used 
in the WE term to shorten the WE pulse. Its use is 
not essential. 

Data must be set up to the falling edge of WE, since 
WE occurs after CAS. The 2 clocks between valid 
write data and WE going active (at the RAM's) minus 
propagation delays determines the margin. 

2 TCLCL - 80286 tl4 (max) @ 100 pf - 
74S240 tplh + 8207 TCLW (min)* + 74S10 tphl @ 
192 pf 2 - DRAM tDS = 0 

125 - 50 - 7 + 0 + 14 - 0 = 82ns 

The timing of the 8207's acknowledge is such that data 
will be kept valid by the 80286, for more than two 
clocks after WE goes active. This easily meets all RAM 
tDH specifications. 

SUMMARY 

The 8207 complements the 80286's performance and 
high integration with its own performance, integra- 
tion and ease of use. No critical timings or logic design 
has been left to the designer. The 80286/8207 com- 
bination allows Users to realize maximum performance 
from their simpler design. 



1 . Not specified. Assume no delay for worst case analysis. 

2. STTL derated by .05ns/pf. 
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Dynamic-RAM controller 
orchestrates memory systems 

Up to 88 chips take their cues from an n-channel MOS IC 
that both housekeeps and supports error-corrected dual-port memories 



by Jim Nadir and Mel Bazes, inteicorp.santaciara, cam 



□ Designing a dynamic-random-access-memory system 
means balancing the goals of high performance, reliabili- 
ty, and versatility against the often contrary aims of 
economy, simplicity, and compactness. In the last five or 
so years, the advent of dynamic-RAM controller chips 
relieved designers of some of the onus of tending to the 
needs of dynamic chips: standard supportive integrated 
circuits brought together the counters, timers, multiplex- 
ers, and other elements needed. 

But controllers diverged into two types. One bought 
the high performance to ride with fast memory systems 
at the expense of functionality, while the other took on 
more and more functions to do a complete but slower 
job. The 8207— an advanced dynamic-RAM controller— 
blunts the horns of that dilemma and also solves a 
variety of less severe design problems. 

A dynamic-RAM controller is charged with making a 
dynamic memory system appear static to the host pro- 
cessor. At a minimum, therefore, the controller takes 
over refreshing the memory chips, multiplexing the row 
and column addresses, generating control signals, timing 
the precharge period, and signaling the processor when 



data is available or no longer needed. But, beyond those 
local housekeeping chores, the controller can also go a 
long way to solving more global design problems, like 
sharing memory between two processors, not to mention 
detecting and correcting errors. 

To realize this potential for a highly integrated solu- 
tion, the 8207 has a dual-port interface and, when used 
with the 8206 error-checking and -correction unit, 
ensures data integrity in large dynamic-RAM systems. In 
addition to doing the jobs of refreshing, address multi- 
plexing, and control timing, the unit supports memory- 
bank interleaving for pipelined accesses, overlaying RAM 
and read-only-memory locations, and initializing RAM. 

The exact implementation of most of these functions is 
programmable, letting designers tailor their systems in 
detail. Systems containing up to 88 dynamic-RAM 
chips— whether 16-, 64-, or 256-K versions— in one, two, 
or four banks need only a single 8207 and no external 
buffering. Attesting to the high performance claimed, 
the 8207 mates dynamic rams having 100-nanosecond 
access times to the iAPX-286 processor operating at 8 
megahertz without introducing any wait states. 



8207 




DYNAMIC- 




RAM 




CONTROLLER 





DYNAMIC 
RANDOM-ACCESS 
MEMORY 




VIDEO-DISPLAY 
CONTROLLER 



1. Window on a micro. One use for a dual- 
port memory shared by independent proces- 
sors is the development system shown. Add- 
ing a video display to the prototype itself 
gives a window on the system memory. 
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To achieve that speed and include all those functions, 
the 8207 relies on a dense, high-speed n-channel MOS 
process (H-MOS n) and requires a chip some 230 by 200 
mils in area. To meet the rigors of operation with even 
faster processors, novel logic and integrated-circuit 
designs are employed. Replacing the two-phase logic 
common in n-MOS ICS, single-phase edge- triggered logic 
simplifies logic and circuit design, precludes problems of 
clock-pulse overlap, and reduces the sensitivity to clock 
high and low times. Voltage-controlled capacitive loads 
form the delay elements that time critical output pulses, 
such as the address strobes, and compensate the output- 
switching delays for variations in power-supply voltage, 
temperature, and processing. 

A low 20-ns setup time for input signals is achieved by 
cutting the RC delay of input-protection devices and 
moving the TTL-to-MOS signal buffering from the input 
pads to the pulse generators. A short 35-ns delay from 
input to output switching is achieved by triggering the 
output generators directly from the external clock, sav- 
ing a buffer delay time. With the resulting high-speed 
performance and a high level of integration, the 8207 
successfully attacks the stringent requirements of today's 
memory systems. 

One system feature gaining popularity currently is the 
use of multiple processors operating on shared data to 
obtain higher performances and reliability. For example, 
a separate processor dedicated to input/output tasks 
frees the main processor for full-time data processing, 
Alternatively, multiple main processors can execute dif- 
ferent tasks simultaneously. In all such cases, sharing a 
common memory space among the cooperating proces- 
sor^ is the key to effective operation. 

Unfortunately, when more than one processor accesses 
shared memory through a single bus, the limited bus 
bandwidth and the time spent in exchanging bus control 
slow down data transfers. Dual-port memory systems 
overcome this limitation by giving two processors access 



to a common memory through two independent buses. 
The 8207 includes a dual-port interface to simplify the 
design of shared memory systems. 

Two-port memories can be used with multiprocessing 
or multitasking architectures. Tn the former, indepen- 
dent processors run independent programs, sharing only 
a common memory. Multitasking processors cooperate 
on different parts of the same task. 

An example of a multiprocessing architecture is the 
dynamic video display (Fig. 1) that provides a window 
on a processor's memory. Centering the display over a 
data table, for example, immediately reveals how pro- 
gram execution affects the data, which aids in debugging 
programs. Tf a microcomputer is implemented with a 
dual-port memory— the second port for a dynamic video 
display— then the prototype itself cart serve as a develop- 
ment and debugging system, reverting to single-port 
operation in the final version. 

A dual-port architecture in a multitasking environ- 
ment, on the other hand, adds a margin of safety to a 
shared-resource bus, such as Intel's Multibus. Although 
one of the biggest benefits of such a bus is the sharing of 
expensive peripherals among several users' programs, an 
intimidating problem is that a single program gone hay- 
wire can easily corrupt the entire system. A two-port 
memory, properly configured, circumvents this occur- 
rence. Because each port has its own address, data, and 
control lines, problems on one side are confined by 
hardware to that side. 

Port off call 

As a general rule for multitasking architectures, one 
port of a two-port memory operates in a local environ- 
ment, and the other port runs remotely, off the expanda- 
ble shared-resource bus. The local processor is likely to 
require a synchronous port to reap the benefit of higher 
performance. Remote buses, in contrast, are usually 
configured asynchronously. Unless programmed other- 



Dynamic-RAM controllers get in step 



Synchronous and asynchronous signals have different 
requirements for interfacing with a controller. The terms 
synchronous and asynchronous are conventionally ap- 
plied to dynamic random-access memory depending on 
whether it exists in a local or a remote environment, 
respectively. However, they more properly characterize 
the dynamic-RAM controllers, for the RAMs themselves 
need no clocks— the only restrictions as to the start of a 
memory access cycle involve ensuring that the refresh and 
precharge requirements are satisfied. 

Because the controller decides both when to refresh 
and whether or not precharge and other timing require- 
ments have been met, it does need a clock, Incoming 
commands can either always arrive with a fixed relation- 
ship to the controller's clock or have no particular relation- 
ship to it. The former are, of course, synchronous opera- 
tions, the latter asynchronous. 

The major difference between an asynchronous and a 
synchronous controller (or port of a controller, in the case 
of the dual-port 8207) is that the asynchronous controller 
must first synchronize the incoming commands to its own 



internal clock: From that point on, the asynchronous con- 
troller looks just like a synchronous device. 

Whereas various techniques for synchronization ar6 
available off chip, on-chip synchronization is restricted to 
the resolution and sampling of states of a flip-flop. The 
incoming command is clocked into a resolving flip-flop. 
After a predetermined time, a sampling flip-flop reads the 
state of the resolving flip-flop, thereby synchronizing the 
command. Assuming that both flip-flops are triggered on 
the same edge of the controller's internal clock, the fastest 
that an asynchronous signal can be synchronized is one 
clock period. The slowest synchronization takes two clock 
periods; on the average, getting the signals in step takes 
one and a half clock cycles. 

Because the processor typically requires four or fewer 
clock periods to complete a cycle, adding a cycle and a 
half for synchronizing increases the access time by 
approximately 25%. Synchronous controllers are therefore 
always preferred when the environment permits them, and 
local environments, such as single-board c6mputers, gen- 
erally do so. 
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wise, the 8207 configures one port synchronously, and 
the other asynchronously. For specific applications, both 
ports may be programmed as either synchronous or 
asynchronous (see "Dynamic-RAM controllers get in 
step," p. 129). 

Whether the ports are programmed for synchronous 
or asynchronous operation, some mechanism must 
decide which processor will gain access to memory when 
both request it almost simultaneously. That mechanism 
consists of arbitration logic that controls access and 
always leaves one port selected. When a port is selected, 
its associated control and interface signals are passed 
directly to the RAM timing logic by the command multi- 
plexer (Fig. 2). Both ports' command and control lines, 
after being synchronized, go into both the command 
multiplexer and the arbitration logic. 

However, the arbitration logic enables the command 
multiplexer to pass only commands that appear at the 
selected port. At the same time as a command appears at 
a selected port, arbitration logic initiates the cycle- 
control logic that completes the timing of the RAM cycle 
that ensues. If a command appears on the unselected 
port, it will not get through the multiplexer- to initiate a 
ram cycle but will instead wait in the status-command 
decoder until the current command is completed, at 
which time the command multiplexer switches to the 
unselected port. The arbitration logic will then service 
this queued access request by starting a new cycle. 

The arbitration logic examines all port requests, 
including the internal refresh port. The refresh-request 
port is subject to arbitration like the other two ports, 
except that it is always assigned a higher priority than an 
unselected external access port. Thus, refreshing can be 
delayed, at most, one RAM cycle. 

While the current RAM cycle is running, the arbiter 
determines the next cycle to be initiated. Thus, the 
arbitration time of two or more simultaneous port 
requests is hidden by the memory cycle time In other 
words, in cases where both a selected and an unselected 
port request access simultaneously, the arbitration time 
for the unselected port does not extend that port's access 
time, which is delayed by one memory cycle anyway. 
Only when an unselected port requests a free memory 
does the arbitration time slow access, because then the 
command must pass through the arbitration logic before 
a RAM cycle can be initiated. To minimize such delays in 
most cases, there are two arbitration algorithms to be 
selected by the user. 

The first algorithm, intended for multiprocessing envi- 
ronments, automatically returns the arbiter to a desig- 
nated preferred port, generally the higher-performance, 
synchronous port. Thus any command on the selected 
port generally has immediate access, whereas any com- 
mand arriving at the unselected port must wait. 

The second, or last-accessed-port, algorithm, which is 
applicable in multitasking environments, leaves the most 
recently accessed port as the selected port. This algo- 
rithm optimizes port selection for task passing in a 
multitasking environment. In task passing, the host pro- 
cessor sends a task to an execution processor; until the 
task is received, the execution processor seldom accesses 
memory. Conversely, once the task is passed, the host 



processor seldom accesses memory until the task is com- 
pleted: Thus, the ports are used in spurts. * 

Because timely refreshing is needed to preserve 
dynamic-RAM data, a refresh request is always serviced 
on the next available cycle. The refresh algorithm, how- 
ever, may be selected by the user. The options available 
are: no refresh, user-generated single refresh, automatic 
refresh, or user-generated burst refresh. 

No refresh would be selected for applications like 
bit-mapped-video displays, where continuous, sequential 
access of all RAM locations itself refreshes every cell 
periodically. User-generated refresh modes allow the 
designer greater control over power dissipation, for 
example, in large memory systems. Automatic refresh- 
ing, in which the controller itself times the refresh inter- 
val and initiates the operation, lets the designer ignore 
the refresh requirements entirely. As mentioned, the 
refresh requests are subject to arbitration just like other 
access requests. However, once a burst refresh is select- 
ed, it remains active until completed. 

Cleaning up errors 

insuring data integrity is a major concern in large 
dynamic-RAM systems, particularly because of their sus- 
ceptibility to soft errors caused by alpha-particle radia- 
tion. Various parity encoding techniques have been 
developed to detect and correct memory-word errors 
[Electronics, June 2, 1982, p. 153]. The parity bits, called 
check bits when used for correction as well as detection, 
are stored in the memory array along with their asso- 
ciated data word. When the data is read, the check bits 
are . regenerated and compared with the stored check 
bits. If an error exists, whether in the retrieved check bits 
or in the retrieved data word, the result of the compari- 
son—called the syndrome— gives the location in the 
group of the bit in error. 

Two drawbacks surface in the design of any memory 
system that is to be protected by error-correction circuit- 
ry. First, the memory-word width must be increased to 
store the check bits; second, extra time must be allotted 
for the error-correction circuitry to generate the check 
bits on write cycles, plus more time to regenerate and 
compare the check bits on read cycles. The 8207 pro- 
vides several ways to minimize both problems. 

Error-correction schemes require a smaller proportion 
of check bits to protect wider memory words. For exam- 
ple, an 8-bit word needs 5 check bits, for a 63% increase 
in memory. Put the other way around, 38% of the 
available memory would be dedicated to the check bits. 
Six check bits are required to protect a 16-bit data 
word— only a 27%. overhead. Clearly, the wider the 
memory array, the more economical the error correction. 

The 38% overhead necessary to protect such 8-bit-bus 
machines as the 8088 or 8085 makes error correction an 
unattractive proposition. However, if the memory width 
could be doubled, with the 8088 accessing only half a 
word at a time, the overhead would drop to 27%. 

Reading a double-width word, checking for soft errors, 
and then sending the desired portion of the word to the 
processor presents no major problems, unlike writing to 
such an array. The check bits cannot be calculated from 
only a portion of the word— they must be calculated for 
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the entire word at once. Whenever the processor writes a 
partial word to memory, it must first read the entire 
word, check it, substitute for that portion of the word to 
be rewritten, and recalculate the check bits. Only then 
can the entire word be written to memory. The 8207, 
working in conjunction with the 8206 error-checking and 
-correction unit, contains mechanisms to expedite this 
potentially arduous process. 

Whenever the 8207 performs a partial- write cycle, it 
initiates a read-modify-write cycle wherein the entire 
memory word is first read and latched into the 8206 
(Fig. 3). After the retrieved data has been verified as 
correct, new data is supplied to the RAM, half from the 
processor and half from the 8206, which also generates 
the check bits for the entire new word. 

Control signals— called byte marks— specify which 
portion of the new data word is coming from the proces- 
sor and which from the 8206. The byte marks determine 
whether the processor or the 8206 drives the ram data 
bus— for example, if the 8206 is driving one portion of 
the data bus, the processor is prevented from driving the 
same portion. The byte-mark signals simply disable the 
appropriate transceivers. If, on the other hand, the pro- 
cessor is driving a portion of the ram data bus, the byte 
marks change the 8206 data outputs to inputs, allowing 



the 8206 to read the data from the processor and calcu- 
late new check bits. 

The ability of the 8207 to handle memories organized 
as one, two, or four banks allows tradeoffs between the 
cost and performance of an error-correction system. For 
maximum performance, memory would be organized in 
four banks, each 16 bits wide. In applications requiring 
error correction, but where maximum performance is not 
critical, concatenation of ram banks into two banks of 
32-bit words, or even one bank of 64-bit words, can make 
error correction very economical. 

Holding to high performance 

Even though the cost of error correction has thus been 
reduced to where it becomes an attractive solution, the 
problem remains of minimizing performance degrada- 
tion. Tackling that challenge depends on the particulars 
of the configuration, such as whether the memory is to 
be used with a high-performance local processor, as 
system memory on a shared-resource bus, or is to be 
shared between a local high-performance processor and 
a shared-resource bus. 

The method chosen to handle errors depends on the 
type of bus. Intel's Multibus is the kind that requires 
data to be valid prior to the issuance of a transfer- 
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, memory controller so that an 8-bit-bus pro- 
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that is more economical {or error-correction 
schemes. Byte marks configure the data 
buses for partial-word transfers. 



acknowledge signal, in contrast to the local buses of the 
iAPX-86, -186, and -286 processors. A local bus will 
usually be synchronous, with a single processor or copro- 
cessor group attached to it; the processor characteristics 
are known, as is the processor's response to a transfer- 
acknowledge signal. 

With Multibus and other shared-resource buses, the 
processor types that will eventually be connected are not 
known in advance, and the buses themselves are general- 
ly asynchronous. Hence the time between the transfer- 
acknowledge signal and data becoming valid is not 
known. Therefore, the rule with such buses is to 
acknowledge a transfer only when data is valid. (On 
some asynchronous buses, the acknowledgment is issued 
earlier to compensate for synchronization delay at the 
receiving processor.) 

Two basic configurations for checking and correcting 
errors derive from these system considerations and the 
fact that it takes longer to correct data than to detect an 
error. One is for buses that connect to processors and 
coprocessors receiving a transfer acknowledge prior to 
data becoming valid, and the other for buses that con- 
nect to processors receiving a transfer acknowledge after 
data is valid. Both configurations are supported by the 
8206-8207 team. 

Buses among the former type of processors always get 
corrected data from the 8206, whether an error exists or 
not, and will carry a transfer acknowledge from the 8207 
before data becomes valid on the bus. Though this means 
data is delayed for error correction on every transaction, 
the extra delay is immaterial, since it is hidden behind 
the processor's response time to the transfer-acknowl- 
edge signal. By the time the processor requires data, it is 



already corrected and on the bus. As a result, system 
performance is not degraded at all because of single-bit 
errors. 

For buses among processors that receive the transfer 
acknowledge after the data is valid, the 8206 always 
checks for errors but does not routinely correct data. In 
this mode, ram data passes through faster, because the 
8207 will issue an acknowledgment sooner. If, however, 
an error is found, the 8207 will lengthen the cycle, 
command the 8206 to correct the data, and delay the 
transfer-acknowledge signal until the corrected data can 
be placed on the bus. For those buses with an acknowl- 
edge-synchronization delay, the 8207 can be pro- 
grammed to issue the acknowledgment earlier to com- 
pensate for the delay. 

Power-up problems 

Another problem with memories protected by ECC 
circuits crops up when the power is turned on. At 
power-up, the data stored in memory is completely ran- 
dom; any attempt to read or perform a partial write will 
be aborted because the check bits will indicate multiple, 
and therefore uncorrectable, errors. For processors 
whose word width is the same as that of the memory 
array, the processor could simply initialize the entire 
memory array, taking some additional time and soft- 
ware. For memories whose word width is greater than 
that of the processor, however, initialization of the mem- 
ory is not possible unless the error-checking or -correc- 
tion circuitry is disabled by hardware, for example, by 
gating off the error flags. 

The 8207 is equipped to deal with the initialization 
problem by itself. At system reset, the 8207 performs 
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eight cycles on all banks, at once to warm up the dynamic 
rams, a typical RAM requirement for stable operation. 
The chip then individually initializes all memory loca- 
tions to 0, adding the proper check bits. Though all 
memory banks could be initialized in parallel, that would 
require more power than any other memory operation, 
calling for a heftier and more expensive power supply 
needed only at system reset. 

One final problem associated with memories protected 
by error-correction circuitry stems from the fact that 
only data that is accessed by the processor is corrected. 
If the processor continually accesses one particular seg- 
ment of memory, the rest of the array may be accumu- 
lating soft errors. The possibility of two soft errors 
accumulating in a word of seldom accessed memory now 
becomes significant— and not all double-bit errors are 
correctable in simple ECC schemes. The 8207 scrubs 
memories to clean up this problem. During each refresh 
cycle, one word of memory is read, checked for errors, 
and if necessary, corrected before data is written back to 
memory. Because scrubbing occurs during refresh cycles 
with a read cycle replacing a row-address-strobe-only 
refresh cycle, no performance penalty is incurred. Scrub- 
bing rids the entire memory of errors at least once every 
16 seconds, reducing the probability of two soft errors 
accumulating in the same word almost to nil. 

Bells and whistles 

All dynamic rams require a recovery period for pre- 
charging internal lines after each access. If the processor 
were immediately to reaccess the RAM,* the controller 
would have to delay it until the precharge time was over. 
By automatically organizing memory into banks so that 
sequential addresses are in different banks, the 8207 is 
usually able to hide the precharge time of one bank 
behind the access time of another. That organization 
follows from using the 2 least significant bits of the 
address to select the bank. Of course, a break in the 
program flow, such as would be caused by a jump or call 



instruction, raises the probability that the same bank 
may be immediately re-accessed. This probability is less 
in four-bank memories than in two-bank configurations. 

Further performance advantages are gleaned by 
organizing memory into multiple banks. For example, 
the 8207 can speed throughput by pipelining cycles. 
Once the row and column addresses to one bank have 
been latched, the controller sends the row address for the 
next cycle to the next bank (Fig. 4). 

The 8207's manifold features can be tailored to a 
given system with the use of a serial programming pin. 
This pin can either b0 strapped high or low to select one 
of two default modes or be programmed by means of a 
shift register. The external register is completely con- 
trolled by the 8207, eliminating any local processor 
support. Sixteen bits are shifted into the 8207 to configu- 
re up to nine different features. The bits are arranged in 
order of increasing importance; using a shift register 
with less than 16 bits permits just those features needed 
to be programmed. 

Programmable features of the processor interface 
include the choice of arbitration algorithm, clock com- 
pensation, and preferred port. At the RAM interface, the 
user can specify fast or slow memory chips, indicate 
bank configuration, and select the optimal refreshing 
scheme. In anticipation of the next generation of 256-K 
dynamic rams, the 8207 can support a 256-row-l- 
millisecond refresh convention, in addition to the 128- 
row-2-ms one for current 16- and 64-K parts. 

Helping facilitate system design is a self-programming 
processor interface. By decoding the command input 
pins at power-up, the 8207 automatically determines 
whether it is connected to the status lines of an 8086, 
iAPX-286 or to the command lines of the Multibus. 
Because the 8207 can directly decode the status lines of 
Intel microprocessors, it can anticipate the next memory 
cycle and start a new cycle before actually receiving a 
command. This extra pipelining enables the designer to 
specify slower RAMS then would otherwise be required. □ 
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INTRODUCTION 

Microprocessor-based systems ' are 
making increasing use of dynamic RAM 
over static RAM, as this is the most 
cost-effective device for implementing 
a large random access read/write memo- 
ry. Dynamic RAM requires complex con- 
trol c i rcui try which static RAMs do 
not, but the cost of this control cir- 
cuitry is outweighed for memory of 
more than 16K bytes by the lower cost 
per bit and higher density of dynamic 
RAM. 

However, successive generations 
of microprocessors are demanding 
higher performance of dynamic RAMs, as 
shown in Table 1 for several families 
of Intel microprocessors: 

Some previously available contro- 
llers have provided, all the required 
dynamic RAM support f unct i ons on a 
single chip, but have not been fast 
enough to provide no wait state per- 
formance with today ' s faster mi copro- 
cessors . Other recently introduced 
dynamic RAM controllers have offered 
h i gher performance , but requ ired seve- 
ral additional shipe to complete the 
control function. The 8207 is the 



first dynamic RAM controller to i nteg< 
rate all RAM control functions am 
also provide no wait state performance 
with all Intel microprocessors, inclu- 
ding the iAPX-286 (80286 CPU). 

Another factor of concern to e 
memory system designer is soft errors. 
Soft errors are random, nonpermanent 
errors, usually of a single bit. The 
primary mechanism of these errors in 
dynamic RAMs was discovered in 1978 to 
be loss of stored charge in the dyna- 
mic RAM cells caused by alpha parti- 
cles. 1 These result chiefly from 
the radioactive decay of trace uranium 
and thorium in the packaging material. 
The rate of these errors increased as 
shrinking geometries made storage 
cells more susceptible to the effects 
of alpha particles. These soft errors 
have been reduced by packaging innova- 
tions, but residual errors remain 2 , 
and so are still a concern. Since the 
error rate of a memory system is the 
sum of the error rates of all the me- 
mory components, the trend to larger 
RAM capacities in microprocessor sys- 
tems will resul t in a higher system 
error rate even if RAM soft error 
rates remain constant. 



Year 
Introduced 



Table 1. Required Memory Performance 
for No Wait State Operation 

Part Clock Access Time Access Time 
Number Freq . from Address from Command 



Bus Cycle 
Ti me 



1976 


8085 


3 MHz 


545 ns 


330 ns 


960 ns 


1978 


8086 


5 


430 


335 


800 


1979 


8086-2 


8 


265 


195 


500 


1982 


80286 


8 


117a 


90 


250b 



Notes: 

[a] The 80286 uses pipelined addresses. Access time from 
address i£ 222 ns for interleaved memories. 

[ b] The 80286 bus cycl e has three clock states , but the first 
state is over 1 apped with the third state of the 1 as t 
eye 1 e , for an ef f ect i ve bus eye 1 e of two clocks, or 250 ns . 
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Coupled to these facts are the 
increasing reliability requirements 
if many microprocessor applications. 
i single soft error in an automatic 
•ank teller machine, for example, can 
:ause an account balance error resul- 
;ing in many dollar's worth of 
:lerical work finding and correcting 
:he error, as well as possible down 
:ime for the teller machine and 
Frustration for the customer. 

Error checking and correction, or 
ECC, as implemented by modified Ham- 
ming codes uses redundant memory bits 
to encode the data. This code allows 
detection and correction of all single 
bit errors in any memory word, and de- 
tection (but not correction) of all 
double bit and some hi gher-number-of - 
bit errors. 

The effect of ECC of memory sys- 
tem reliability is shown in Table 2. 
These figures are based on the analy- 
sis of all types of errors (hard and 
soft) as measured for the Intel 2117 
dynamic RAM, and shows an improvement 
in reliability as measured by the mean 
time between failures (MTBF) of be- 
tween 24 and 301 times for the memory 
configurations shown. 3 * 4 

Clearly, for the assumed error 
rates, soft errors become unnaccepta- 
ble for large RAMs, and ECC is desira- 
ble. The 8207 facilitates the addi- 
tion of ECC by directly controlling 
the companion 8206 Error Detection and 
Correction Unit, and adjusting memory 
cycle timings as required for ECC 
operation automatically. 

Lastly, architectural factors are 
important to designers of memory sys- 
tems. Higher performance microproces- 
sor systems can be obtained by the use 
of multiple processors operating on 
shared data. Common examples in 



mi cr opr ocessor 
1 . 



•based systems are: 



A separate microprocessor may be 
used to control all I/O activi- 
ties, leaving the main micropro- 
cessor free to do data processing 
tasks full time. If the program 
being executed by the main proce- 
ssor generates any I/O requests, 
these requests (read a disk file, 
send a file to a line printer, 
etc.) are formatted as a message 
to the I/O processor, containing 
the desired activity and where 
the input or output file is loca- 
ted is shared memory, and the me- 
ssage is placed in a reserved 
area of shared memory, to be read 
and executed by the I/O process- 
sor. All the mechanical activi- 
ties of I/O (polling disk status, 
spooling print files, etc.) are 
handled by the I/O processor, 
while the main processor executes 
the main program. The I/O 
processor may be on the same 
board or another board connected 
by a global bus, such as the 
Intel Multibus.™ 

Separate processors may execute 
different real-time tasks simul- 
taneously, as in a process con- 
trol application. Various pro- 
cess parameters will be stored in 
shared memory, where it may be 
sampled and/or updated as neces- 
sary by each of the processors to 
control the process in real time. 
Again these processors may be on 
the same or different boards. 



In these and other applications, 
this multiprocessing is facilitated by 
dual-port memory. A dual-port memory 
is one in which two processors, each 
on its own separate bus have indepen- 
dent access to the same physical mem- 



Table 2. Improvement in Memory 
Rel iability with ECC 



Memory Size and 
Organization 



MTBF 
(no ECC) 



MTBF 
(with ECC) 



Improvement 
Ratio 



32 


Kbyte 


(16K 


X 


16 


bits) 


5.6 


yrs 


133.6 


yrs 


24 


64 


Kbyte 


(16K 
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32 


bits) 


2.7 
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75.1 


ii 


28 


128 


Kbyte 


(16K 
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64 


bits) 
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ii 
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days 
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ory. Since the processors are inde- 
pendent, the dual port memory itself 
must resolve the conflict that arises 
if each processor tries to access the 
memory simultaneously. 

If multiple processors are used 
on a single bus,, performance will be 
limited by the bandwidth of the bus, 
and the time spent exchanging bus con- 
trol. A dual-port RAM allows each 
processor full use of its own bus. To 
prevent the bandwidth of the dual-port 
RAM from limiting system performance, 
at least one processor should have its 
own (single-port) RAM, and only those 
memory segments shared between proces- 
sors should be placed in dual-port RAM. 

Also, some method (called a 
"semaphore") must be provided to con- 
trol access to the memory so that one 
processor can modify sections of data 
without the other processor being able 
to see that section while it is being 
modified. As an example, if a shared 
memory contained a list of passengers 
on an N airline flight, an error would 
result if two processors at almost the 
same time found an empty space on the 
passenger list, and each wrote a new 
passenger's name into that same space. 
One processor must prevent the other 
from accessing the passenger list 
before it can look to see if there are 
empty places. 



The 8207 has a dualpbrt memor 
interface. Port arbitration is don 
on-chip. Semaphores are supported i 
hardware by a LOCK input which may b 
activated by one port to prevent memo 
ry accesses by the other port. 

' DEVICE DESCRIPTION 

The 8207 Advanced Dynamic RAI 
Controller (described by Figure 1 
provides all required dynamic RAM con< 
trol functions in a single chip, 
including: 

1 • Address multiplexing The 820> 
generates the row and columr 
addresses used by the dynamic 
RAMs. 

2 - Refresh The 8207 internally 
generates refresh cycles when 
necessary; an external input 
allows the user's system to gene- 
rate refresh cycles when desired. 
An 8-bit counter determines the 
row to be refreshed. 

3. Arbitration Since read, write, 
and refresh cycles cannot be done 
simultaneously, the 8207 deter- 
mines which will be performed, 
and when. The 8207 arbitrates 
between memory requests from each 
of the two ports, and the refresh 
logic. Because a requested mem 



CLOCK SOURCE 



CPU ADDRESS 
BUS 

(MULTIPLEXED 
BETWEEN PORTS) 

MULTIPLEX 
CONTROL 



PORT A CPU 
CONTROL BUS 



PORT B CPU 
CONTROL BUS 



OPTIONAL USER 
REFRESH CNTL 

8207 

PROGRAMMING 
INFORMATION 




CLK 



8207 
ADVANCED 
DYNAMIC 
RAM 
CONTROLLER 



AO o-s 
RAS 

CAS 

WE 

DBM 
WZ 
R/W 

Error 
ce 

ESTB 
PSEL 



3> 



PDI 
PCKL 



DYNAMIC 
\ RAM 
' CONTROL 



8206 

ERROR DETECTION 
AND CORRECTION 
UNIT CONTROL 



ERROR LOGGING 
STROBE 

DATA BUS 
CONTROL 
(PORT SELECT) 



Figure 1. 8207 Logic Symboi 



34/2 



6-64 



ory cycle may be delayed by a 
cycle in progress, the 8207 pro- 
vides separate acknowledge sig- 
nals to each port to indicate 
when the requested cycle has been 
compl eted . 

%. Cycle timing Timing of the RAM 
addresses and control strobes, 
ECC and error strobes, port 
multiplexing signals, and memory 
cycle acknowledge signals are all 
generated internally by the 8207. 
Refresh timing, arbitration, and 
cycle timing are all done from a 
single clock input. Timing 
changes may be made by 
programming options on the 8207, 
or by adjusting the clock 
frequency . 

The 8207 directly addresses and 
drives up to 88 RAMs (16K, 64K, or 
256K), with no external drivers. The 
8207 Advanced Dynamic RAM Controller, 
like its companion, the 8206 Error 
Detection and Correction Unit, is 
implemented in HMOS II, a production 
proven NMOS process, and is packaged 
in a 68-pin JEDEC Type A chip carrier. 

Progr ammi ng 

In order to optimize its perfor- 
mance in as many system environments 
as possible, the 8207 programs itself 
at system reset with information about 
the application system; what type of 
microprocessor it is interfaced to, 
whether ECC is used or not, how port 



access priority should be resolved, 
etc. The 8207 uses one pin ( PD I ) 
f orprogr ammi ng , through which 

programming data is serially shifted, 
with another pin (PCLK) used as a 
shift clock, as shown in Figure 2. 

Tying PDI to ground programs the 
8207 to operate in non-error-cor- 
recting mode; tying PDI high puts the 
8207 in error-correcting mode. All 
other programming options default to 
values optimized for those configura- 
tions. If it desired to change any op- 
tions from their default values, a 
parallel-in-serial-out (PISO) shift 
register, such as the 74LS165, may be 
attached to the programming pin. The 
system reset input loads this shift 
register with the jumper-selected pro- 
gramming options, which are then 
clocked into the 8207. One or two 
shift registers may be used to provide 
up to 16 bits of programmabi 1 i ty. 

Microprocessor Interface 

The 8207 can operate in single- 
ported or dual-ported memory configu- 
rations. Each port is individually 
programmable to operate in a variety 
of system configurations. 

Each port may respond to standard 
demultiplexed read and write commands, 
as shown in Figure 3b. The Kb and flft 
inputs are internally qualified by a 
port enable (TT) signal, which is nor- 
mally decoded from the address _bus . 
No memory cycle can start unless PE is 
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active. 



\ port control (PCTL) signal 
is provided, which qualifies the start 
of a memory cycle, and can also inhib- 
it a memory cycle that has already 
been started. If PCTL 
before the memory cycle 
cle, will be performed, 
tivated after the RAM 
the memory cycle will 

the RAM write enable, „ 

acknowledge, and error logging strobes 
will be disabled; no data will be wri- 
tten to memory. The user must use 
PCTL to disable data transceivers to 
prevent data from being read. 



is deactivated 
starts, no cy- 
If it is deac- 
cycle starts, 
complete, but 
memory cycle 



PCTL is useful if RAM and ROM are 
overlaid in the same address space, 
and it is desired to de-select the RAM 
in those addresses where ROM is 
present. This is often the case at 
system reset, where a "boot-strap" ROM 
is selected in part of the RAM address 
space to start the system. RAM is 
selected in this same address space 



CLOCK 



CLK — 
SO 



ADDR/ 
DATA 



once the system is up and rimning. 
PCTL may also be used for those micro- 
processors which have a separate mem- 
ory management unit which generates an 
inhibit signal if a program attempts 
to access protected memory. 

Each port may also be programmed 
to directly decode the status outputs 
of Intel's iAPX-86, 88, 186, and 286 
families of microprocessors, as shown 
in Figure 3b. In this mode, the RD, 
WR, PE, and PCTL inputs are redefined 
to be the apporpriate status inputs. 
When used in this way, the 8207 is 
normally operated synchronously to the 
microprocessor, from the same clock 
generator, as shown in Figure 3a. 
Because the 8207 must be able to oper- 
ate syncronously with several differ- 
ent microprocessors with clock rates 
from 5 MHz to 16 MHz and with differ- 
ent bus cycle timings, the 8207 varies 
memory cycle timings so as to be com- 
patible with the microprocessor it is 
interfaced to. 
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When used asynchronously to the 
ni croprocessor , all inputs are inter- 
lally synchronized by the 8207. When 
jsed synchronously, these synchroniz- 
ers are bypassed, eliminating 
synchron i zation del ays . 

ftrbi trati on 

Each port has physically separate 
RD, WR, PE, and PCTL inputs, as shown 
in Figure 4. In this application, the 
8207 interfaces synchronously to Port 
A (8086) and asynchronously to Port B 
(Multibus); all Port B inputs are syn- 
chronized, but synchronizers are 
bypassed on Port A. 

The abitration logic arbitrates 
between three ports; Port A, Port B, 
and Port C (the refresh port). Any 
port may request memory at any time. 

Once Port A or B is selected, it 
has immediate access to the cycle 
timing generators and the arbitration 
logic is bypassed for subsequent memo- 
ry cycles. The arbitration delay in 
this case is zero. If the unselected 
port requests a memory cycle, the ar- 
biter must first select it. Arbitra- 
tion for the next memory cycle is done 
in parallel with a memory cycle in 
progress, so usually this arbitration 
time is hidden, and the new cycle 
starts as soon as the cycle in prog- 
ress to the previously selected port 
is complete. 



CLOCK 



One of two arbitration algorithms 
may be selected to "tailor" the 8207 
to the application. In one method, 
Port A is the preferred port, so when- 
ever the 8207 is idle, Port A is 
selected, minimizing access time for 
that port. In the other method, the 
most recently used port is selected.' 

As an example, if Port A was 
attached to a high-speed microproces- 
sor used in for data processing, and 
Port B was attached to an 1/0 process- 
or, it would probably be better to 
make Port A the preferred port, to 
minimize its average access time and 
maximize processing throughput, espe- 
cially since the 1/0 processor on Port 
B is limited by the slow speed of the 
mechanical peripherals to which it is 
attached, not memory access time. 

A LOCK input is provided which 
allows either port to lock out the 
other and gain sole access to the 
memory. This is useful for testing 
and setting semaphores in shared memo- 
ry segments. It may also be used to 
allow one port to transfer bursts of 
data to or from memory at maximum 
bandwidth, without the other port 
stealing any memory cycles. 

Due to pin limitations, the 
address, RAM bank select, and LOCK 
inputs are multiplexed between Ports A 
and B. The arbiter generates a MUX 
output which is used for this purpose, 
as shown in Figure 4. This figure 
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shows multiplexing being done by 
alternately enabling 3-state latches; 
cross-coupled NAND gates are used to 
create non-overlapping enable signals. 

RAM Interface 

Nine RAM address outputs and four 
pairs of Row Address Str ode (RAS) and 
Column Address Strobe (CAS) signals 
allow the 8207 to interface to four 
banks of either 16K, 64K, or, 256K RAMs. 

Output drivers with high capaci- 
tive drive capability allow the 8207 
to drive up to 88 dynamic RAMs, arran- 
ged as four banks of 22 RAMs eaqh (16 
data bits plus 6 ECC check bits) with- 
out external drivers. A.C. timings 
are specified at a load of 55 0 p F on 
Add ress outputs and 250 pF on RAS and 
CAS outputs. With this large a load, 
the trans ient currents are in the 
ampere range; because of this, the 
output drivers are isolated from the 
rest of the circuitry with separate 
Ice and ground pins for each. The 
driver circuitry was also designed to 
prevent any "boot-strapping" effect 
and to limit voltage overshoot. 

Novel circuit design techniques 
were used to allow R*AM outputs to be 
generated with 1 ess than 35 ns propa- 
gati on del ay from the 8207 clock in- 
put, while requiring input set-up 
times of only 20 ns 5 . 

If only one or two banks of RAM 
are occupied , the OS/CITS output dri- 
vers re- al locate themsel ves to 
i ncrease drive capaci ty . I f on 1 y two 
bank s here are occupied , ft AS 0 and 
PEaS 1 work in ta ndem to drive Bank 0 , 
and HTS 0 an d TTa5 1 do similarly; 
TT7TS 2 and W§ 3; and (TaT 2 and £TS 3 
work in tandem to drive Bank 1. I n 



this way, the two banks may consist of 
up to 44 RAMs (twice as many as 
before) without increasing the loading 
on the R7TS and drivers. Since the 
total number of RAMs remains the same, 
the loading on the Address outputs, 
which go to all RAMs also remains the 
same. If only one bank is occupied, 
all four FTjR and CAS driver work 
together to allow driving a single 
bank of 88 RAMs. 

Separate RAS and CAS outputs also 
allow the 8207 to interleave memory 
cycles to alternate banks of RAM, as 
shown in Figure 5. In this way, the 
RAM's precharge time (tRp), which is 
normally part of the RAM cycle time, 
may be hidden in the following memory 
cycle. If consecutive cycles are to 
the same bank, the second cycle must 
be delayed, as shown by the dotted 
line in Fi gure 5 . 

Refresh 

The 8207 supports both the 128 
row/2 ms or the 25§ row/4 ms refresh 
conventions. A 256 row/2 ms option 
may also be programmed for possible 
use with 256K RAMs. 

The 8207 generates one refresh 
cycle approximately every 15 /is, thus 
executi ng 128 refresh cycl es in 2 ms , 
or 256 cycles in 4 ms . If the 256 
row/2 ms option is used, one refresh 
cycle is generated approximately every 
7 . 5 us . An 8-bit counter keeps track 
of the row to be refreshed ; this 
address is provided to the RAM by the 
8207 address outputs . 

An external refresh request input 
(REFRQ) is provided so the system may 
cause refreshes to be perf omed when- 
ever desired. If no refreshes are 
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equested in 15 /is, the 8207 may 
enerate an internal "failsafe" 
efresh. The internal refresh may be 
urned off entirely, so that the only 
efresh cycles are those externally 
enerated. In this case, bursts of 128 
efresh cycles (internally counted) 
fill also be performed by activating 
;he REFRQ for a slightly longer period 
)f time. 

Since the refresh cycles are 
timed from the 8207 clock input, the 
lumber of clocks between refresh cy- 
:les may be programmed to allow for 
differences in clock frequencies 
between 3.5 MHz and 16 MHz. 

ECC Interface 

The 8207 may also be programmed 
to support error checking and correc- 
tion (ECC). When in this mode, cycle 
timings are adjusted and several pins 
change function to support the compa- 
nion 8206 Error Detection and Correc- 
tion Unit, as shown in Figure 6. 



The 8206 (described in Figure 7) 
can correct single bit errors in any 
memory word, and detect (but not -cor- 
rect) all double bit errors, and some 
errors of more than two bits. Each 
8206 does error correction on a 16-bit 
slice of the memory word, and up to 
five 8206s may be cascaded for 80-bit 
data words. 

The 8206 generates modified Ham- 
ming code check bits on write cycles, 
checks for and corrects errors on read 
cycles, and generates an error flag, a 
correctabl e/uncorrectabl e error flag, 
and syndrome outputs which may be used 
to pinpoint the bit in error for error 
logging. Both data and check bit er- 
rors are corrected automatically, 
without changing the mode of the 8206. 
Control inputs are provided for byte 
writes. A data/check bit input latch 
is provided. Unique separate 

data/check bit input and data/ check 
bit output busses reduce the amount of 
control required to implement an ECC 
memory system. 
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Figure 7. 8206 Logic Symbol 



All correctable errors dicsovered 
during read cycles are immediately 
corrected in R AM. The 8207 monitors 
the 8206 ERROR flag during read cy- 
cles. If it is active, the read cycle 
is 1 engh tened to become a read-modify- 
write cycle; the 8207 also activates 
an Error Strobe which can be used to 
1 atch the 8206 error flags and 
syndrome outputs for error loggging, 
or to interrupt the microprocessor. 
During byte write cycles, error 
correction is automatically done on 
the byte(s) of the word not being 
changed. 

To further increase memory reli- 
ability, the 8207 does memory scrub- 
bing during RAM refresh, as shown in 
Figure 8. During a refresh cycle, the 
8207 refreshes one row in all banks. 
It also outputs a column add ress and 
activates one of the four CTTS outputs, 
to read one word of memory. That word 
is checked for errors by the 8206; if 
any are found, the corrected data is 



written back into RAM. By this pro- 
cess, the entire memory is scrubbed of 
errors every 30 seconds or less, 
making the possibility of two soft 
errors accumulating in the same word 
(an uncorrectable error) virtually nil. 

RAM Initialization 

Upon system reset, the 8207 re- 
sets its refresh counter and performs 
eight cycles to all four banks at once 
to "warm up" the dynamic RAMs (many 
dynamic RAMs require this warm up 
period after power up for stable 
operation). 

In ECC mode, the 8207 also ini- 
tializes all of memory to zero data 
and the corresponding check bits. It 
does this by activating the 8206 Write 
Zero input and performing consecutive 
write cycles to each memory location. 
This is done because on power up the 
contents of the RAM are undefined, and 
subsequent byte writes may cause false 
"errors" due to the undefined data in 
memory. Because the time to do this 
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is fairly long, about 1 second, the 
8207 may be programmed to skip initia- 
lization on reset. 

Any memory requests during the 
warm up/initialization sequence will 
be latched internally and responded to 
as soon as the sequence is complete. 
By having the 8207 do these "house- 
keeping" tasks, they are no longer a 
burden on the system software, and 
they are done faster than would be 
possible by software. 

SUMMARY 

Previous dynamic RAM controllers 
have offered either integrated control 
or high performance. The 8207 is the 



first dynamic RAM controller to pro- 
vide complete dynamic RAM control on a 
single chip and no wait state perform- 
ance with all Intel microprocessors, 
including the iAPX-286. 

In addition, the 8207 offers 
other advanced features, such as ECC 
control, automatic error scrubbing, 
and a dual-port RAM interface. 
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TO DATE, integrated dynamic RAM controllers have been either 
optimized for speed or for features, with one usually at the ex- 
pense of the other. Controllers designed to give no wait states 
have required several additional TTL devices and delay lines to 
complete the basic dynamic RAM control functions. Integrated 
controller* have slowed today's microprocessors by adding wait 
states. The chip to be described, the DRC (Dynamic RAM Con- 
trollrr), with its high level of integration, can support 8MHz 
CPUs with 1 50ns DRAMs without wait states. The controller, 
operating in both single-port and dual-port configurations and in 
synchronous and asynchronous environments, supports error 
correction circuitry, and provides all of the timing and control 
signals necessary for a memory module. Two microprocessor 
bus ports are independently programmable for either synchronous 
or asynchronous operation, and each is capable of supporting 
several possible bus structures. 

The chip, shown in Figure 1, is 233 by 199 mils and is fabri- 
cated in HMOS II, a high-speed NMOS process. 

The architecture of the DRC has been optimized with con- 
sideration given both to performance goals and to technology 
limitations. Figure 2 illustrates a simplified block diagram of the 
DRC. The controller simultaneously processes commands from 
three ports, two externals ports which give read/wnte commands, 
and an internal port which gives refresh commands. To intro- 
duce only a minimal delay in the start of a RAM cycle, "up 
front" arbitration between the three ports was ruled out. In- 
stead, the port commands are durctlv multiplexed into the RAM 
timing generators, with the arbiter selecting only one of the 
multiplexer channels at any time, even when no cycle is in pro- 
gress. When two or more commands arrive simultaneously, the 
commands not serviced are queued. While the RAM cycle for 
the selected port is in progress, the arbiter processes the com- 
mands from the other ports. The arbiter will select the next 
port to be serviced even before the current RAM cycle has 
finished, but only late enough in the cycle so that the cycle is 
not affected. Thus, as soon as the current cycle is completed, the 
cycle for the next port starts with little or no delay. In general, 
a command from' a selected port is serviced with little or no delay, 
while a command from an unselected port is serviced with a delay 
equal to the arbitration time. Two user-selectable arbitration 
algorithms are available on the DRC 

The DRC operates in either of: two modes, an 8MHz mode for 
optimal performance w$h the present day CPUs and an 16MHz 
mode for optimal performance with future CPUs*. The relatively 
high frequency of the clock in 16MHz mode, coupled with its 
variable clock parameters ( 15ns low time and 20ns high time) 
necessitated taking a novel approach to the DRC logic and circuit 

•INTEL 286 



design. Instead of using two-phase logic, most common in NMOS 
design, the DRC was implemented using single-phase edge 
triggered flipflops. The use of only one clock phase inherently 
precludes the problem of clock overlap, while sequencing logic on 
a single clock edge provides several important benefits. First, the 
sensitivity to clock low and high times is greatly reduced. Second, 
logic design is significantly simplified. Third, overall logic 
throughput can be made more efficient than with two-phase 
logic. Finally, the straightforward logic design results in simplified 
circuit design, as evidenced by the fact that the first iteration of 
the DRC that was fabricated was functional at the full 16MHz 
clock frequency. 

The DRC output pulse timings have been selected for optimal 
performance within at least the 62.5ns resolution provided by the 
clock. In the case of the critical Row Address Select (RAS), 
Column Address Select (CAS), and address outputs, the resolu- 
tion obtained is down to only a few nanoseconds and is provided 
internally by specially designed delay elements. These delay ele- 
ments are implemented as voltage controlled capacitive loads 
which compensate the chip output switching delays against suDpl>, 
temperature, and processing variations. 

In asynchronous environments, access time is improved bv 
requiring an overhead of only one 62.5ns clock period in synch- 
ronizing up asynchronous inputs. 

An important feature of the DRC is its ability to sample a 
single input with a setup time of only 20ns and to clock out 
several different output signals from that single input in under 
35hs. This low setup time is obtained by using zero-resistance 
input protection devices to reduce RC delays, and to provide TTL- 
to-MOS buffering directly at the generator circuits, rather than at 
the input pads! The short output delay is obtained bv triggering 
the output generators directly off of the unbuffered external 
clock, thereby saving the buffer delay time present in the buffered 
clock. Figure 3a illustrates an example of a high-speed pulse 
generator circuit which is trigger able off of either the clock rising 
edge or the clock falling edge. The pulse generator timing beha- 
vior, is shown in Figure 36. 

The objective of creating a highly -integrated dynamic RAM 
controller has resulted in a flexible device with sophisticated 
arbitration between ports, optimized output pulse timings, and 
minimal input setup and output delay times, and which allows 
designing higher performance memories using slower speed 
dynamic RAMs. 

Acknowledgments 

The authors would like to acknowledge the contributions of 
the staff at Intel/Israel and in particular to the following indivi- 
duals for their significant contributions to the project: bzette 
Ouzan and all the other mask designers, Richard Studnicki and 
Aurora Fitlovitch - tester support, and finally to Dick Hodgman 
and Brad May for their system support. 



6-74 



AFN-00242A 



TECH PAPER 




TECH PAPER 




ci« - ftTf «m«i aoc« 
t - mr^nMti cioc« tOf «vtO 'mom 
ttm - su«t •uim 
mo - two »ui$f 

*•« oil - cioc« Tweet* loor isr»ric 
OUT - output itq output •u»»t»i 



CLKO— 1(" 

msc mi o-H r J h-| T , 



ENOO 1| 



iq T 




FIGURE 3: (o)-Above-high speed pulse generator 
circuit, triggerable off of either clock edge; (6)— 
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8202A 

DYNAMIC RAM CONTROLLER 



■ Provides All Signals Necessary to Con- 
trol 2117, or 2118 Dynamic Memories 

■ Directly Addresses and Drives Up to 64K 
Bytes Without External Drivers 

■ Provides Address Multiplexing and 
Strobes 

■ Provides a Refresh Timer and a Refresh 
Counter 

■ Refresh Cycles May be Internally or Exter- 
nally Requested 



■ Provides Transparent Refresh Capability 

■ Fully Compatible with Intel® 8080A, 
8085A, iAPX 88, and iAPX 86 Family Micro- 
processors 

■ Decodes CPU Status for Advanced Read 
Capability with the 8202A-1 or 8202A-3 

■ Provides System Acknowledge and Trans- 
fer Acknowledge Signals 

■ Internal Clock Capability with the 8202A-1 
or8202A-3 



The Intel® 8202A is a Dynamic Ram System Controller designed to provide all signals necessary to use 2117 or 
2118 Dynamic RAMs in microcomputer systems. The 8202A provides multiplexed addresses and address 
strobes, as well as refresh /access arbitration. The 8202A-1 or 8202A-3 support an internal crystal oscillator. 




Figure 1 . 8202A Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Descriptions 



Symbol 


Pin 
No. 


Type 


Name and Function 


AL 0 
ALi 
AL 2 
AL 3 
AL 4 
AL 5 
AL 6 / 


6 

8 

10 

12 

14 

16 

18 


j 


Address Low: CPU address in- 
puts used to generate memory 
row address. 


AHo 
AHi 
AH 2 
AH 3 
AH 4 
AH 5 
AH 6 


5 
4 
3 
2 
1 

39 
38 


; 


Address Hieth- CPU adHrpcso in. 
puts used to generate memory 
column address. 


BO 

Bi/OPi 


24 
25 




Bank Select Inputs: Used to 
gate the appropriate RASq- 
RAS3 output for a memory cy- 
cle. B1/OP1 option used to se- 
lect the Advanced Read Mode. 


PCS 


33 


i 


Protected Chip Select: Used to 
enable the memory read and 
write inputs. Once a cycle is 
started, it will not abort even if 
PCS goes inactive before cycle 
completion. 


WR 


31 




Memory Write Request. 


RD/S1 


32 




Memory Read Request: S1 

function used in Advanced Read 
mode selected by OP^ (pin 25). 


REFRQ/ 
ALE 


34 


i 


External Refresh Reaiiest* Al F 

function used in Advanced Read 
mode, selected by OP^ (pin 25). 


OUTq 
OUTt 
OUT 2 

ODT3 
OUT4 
OUT5 
OUT 6 


7 

9 

11 

13 

15 

17 

19 


0000000 


Output of the Multiplexer: 

These outputs are designed to 
drive the addresses of the Dynamic 
RAM array. (Note that the OUT 0 _ 6 
pins do not require inverters or 
drivers for proper operation.) 


We 


28 


0 


Write Enable: Drives the Write 
Enable inputs of the Dynamic 
RAM array. 


CAS 


27 


0 


Column Address Strobe: This 
output is used to latch the Col- 
umn Address into the Dynamic 
RAM array. 



Symbol 


Pin 
No. 


Type 


Name and Function 


RAS 0 
¥§1 
RAS 2 
RAS3 


21 
22 
23 
26 


0000 


Row Address Strobe: Used to 
latch the Row Address into the 
bank of dynamic RAMs, select- 
ed by the 8202A Bank Select 
pins (Bq, B1/OP1). 


XACK 


29 


0 


Transfer Acknowledge: This 
output is a strobe indicating val- 
id data during a read cycle or 
data written during a write cycle. 
XAoK can be used to latch valid 
data from the RAM array. 


SACK 


30 


u 


System Acknowledge: This 
output indicates the beginning of 
a memory access cycle. It can 
be used as an advanced trans- 
fer acknowledge to eliminate 
wait states. (Note: If a memory 
access request is made during a 
refresh cycle, SACK is delayed 
until XACK in the memory ac- 
cess cycle). 


(X 0 ) OP 2 
(X-j) CLK 


36 
37 


I/O 
I/O 


Oscillator Inputs: These inputs 
are designed for a quartz crystal 
to control the frequency of the 
oscillator. If Xo/OP 2 is connect- 
ed to a 1K12 resistor pulled to 
+ 12V then X-j/CLK becomes a 
TTL input for an external clock. 


N.C. 


35 




Reserved for future use. 


vcc 


40 




Power Supply:+5V. 


GND 


20 




Ground. 



NOTE: Crystal mode for the 8202A-1 or 8202A-3 only. 




CS < 10pF 
FUNDAMENTAL XTAL 



CA§ 

* RASo 

- RA§1 

* RA§2 

- RAS3 

* xaCk 

- SACK 



Figure 3. Crystal Operation for the 8202A-1 
and the 8202A-3 
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Functional Description 

The 8202A provides a complete dynamic RAM controller 
for microprocessor systems as well as expansion memory 
boards. All of the necessary control signals are pro- 
vided for 2117 and 2118 dynamic RAMs. 

All 8202A timing is generated from a single reference 
clock. This clock is provided via an external oscillator or 
an on chip crystal oscillator. All output signal transitions 
are synchronous with respect to this cl ock ref eren ce, ex- 
cept for the CPU handshake signals SACK and XACK 
(trailing edge). 

CPU memory requests normally use the RD and WR in- 
puts. The advanced READ mode allows ALE and S1 to be 
used in place of the RD input. 

Failsafe refresh is provided via an internal refresh timer 
which generates internal refresh requests. Refresh re- 
quests can also be generated via the REFRQ input. 

An on-chip synchronizer /arbiter prevents memory and re- 
fresh requests from affecting a cycle in progress. The 
READ, WRITE, and external REFRESH requests may be 
asynchronous to the 8202A clock; on-chip logic will syn- 
chronize the requests, and the arbiter will decide if the re- 
quests should be delayed, pending completion of a cycle in 
progress. 

Option Selection 

The 8202A has two strapping options. When OP-i is se- 
lected (16K mode only), pin 32 changes from a RD input to 
an S1 input, and pin 34 changes from a REFREQ input to 
an ALE input. See "Refresh Cycles" and "Read Cycles" 
for more detail. OPi is selected by tying pin 25 to 
+ 12V through a 5.1K ohm resistor on the 8202A-1 or 
8202A-3 only. 

When OP2 is selected, by connecting pin 36 to +12V 
through a 1K ohm resistor, pin 37 changes from a crystal 
input (X-|) to the CLK input for an external TTL clock. 

Refresh Timer 

The refresh timer is used to monitor the time since the last 
refresh cycle occurred. When the appropriate amount of 
time has elapsed, the refresh timer will request a 
refresh cycle. External refresh requests will reset the 
refresh timer. 

Refresh Counter 

The refresh counter is used to sequentially refresh all of 



the memory's rows. The 8-bit counter is incremented after 
every refresh cycle. 

Address Multiplexer 

The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appropriate ti me. T he address outputs, in 
conjunction with the RAS and CAS outputs, determine the 
address used by the dynamic RAMs for read, write, and 
refresh cycles. During the f irst p ar t of a read or, write cy- 
cle, AL0-AL6 are gated to OUTrj-OUT6, then AH0-AH6 
are gated to the address outputs. 

During a refresh cycle, the refresh counter is gated onto 
the ad dress outputs. All r efresh cycles are RAS-only re- 
fresh (CAS inactive, RAS active). 

To minimize buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 

OUTrj-OUT6 do not need inverters or buffers unless addi- 
tional drive is required. 

Synchronizer/Arbiter 

The 8202 A has three inputs, REFRQ /ALE (pin 34), RD 
(pin 32) and WR (pin 31). The RD and WR inputs allow an 
external CPU to request a memory read or write cycle, 
respectively. The REFRQ /ALE allows refresh requests to 
be requested external to the 8202A. 

All three of these inputs may be asynchronous with re- 
spect to the 8202A's clock. The arbiter will resolve con- 
flicts between refresh and memory requests, for both 
pending cycles and cycles in progress. Read and write re- 
quests will be given priority over refresh requests. 

System Operation 

The 8202A is always in one of the following states: 

a) IDLE 

b) TEST Cycle 

c) REFRESH Cycle 

d) READ Cycle 

e) WRITE Cycle 

The 8202A is normally in the IDLE state. Whenever one of 
the other cycles is requested, the 8202 A will leave the 
IDLE state to perform the desired cycle. If no other cycles 
are pending, the 8202A will return to the IDLE state. 



Description 


Pin # 


Normal Function 


Option Function 


B1/OP1 


25 


Bank (RAS) Select 


Advanced-Read Mode (see text) 


X 0 /OP 2 


36 


Crystal Oscillator (8202 A-1 or 8202 A-3) 


External Oscillator 



Figure 4. 8202A Option Selection 
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Test Cycle 

The TEST Cycle is used to check operation of several 
8202A internal functions. TEST cycles are requested 
by ac tivating the RD and WR inputs, independent of 
PCS. The TEST Cycle will reset the refr esh ad dress 
counter. It will perform a WRITE Cycle if PCS is low. 
The TEST Cycle should not be used in normal system 
operation, since it would affect the dynamic RAM 
refresh. 

Refresh Cycles 

The 8202A has two ways of providing dynamic RAM re- 
fresh: 

1) Internal (failsafe) refresh 

2) External (hidden) refresh / 

Both types of 8202 A refresh cycles activate all of the RAS 
outputs, while CAS, WE, SACK, and XACK remain inac- 
tive. 

Internal refresh is generated by the on-chip refresh timer. 
The timer uses the 8202A clock to ensure that refresh of 
ail rows of the dynamic RAM occurs every 2 milliseconds. 
If REERQ is inactive, the refresh timer will request a re- 
fresh cycle every 10-16 microseconds. 

External refresh is requested via the REFRQ input (pin 34). 
External refresh control is not available when the Ad- 
vanced-Read mode is selected. External refresh requests 
are latched, then synchronized to the 8202 A clock. 

The arbiter will allow the refresh request to start a refresh 
cycle only if the 8202A is not in the middle of a cycle. 

Simultaneous memory request and external refresh re- 
quest will result in the memory request being honored first. 
This 8202A characteristic can be used to "hide" refresh 
cycles during system operation. A circuit similar to 
Figure 5 can be used to decode the CPU's instruction 
fetch status to generate an external refresh request. The 
refresh request is latched while the 8202A performs the 
instruction fetch; the refresh cycle will start immediately 
after the memory cycle is completed, even if the RD input 
has not gone inactive. If the CPU's instruction decode time 
is long enough, the 8202A can complete the refresh cycle 
before the next memory request is generated. 

Certain system Configurations require complete external 
refresh requests. If external refresh is requested faster 
than the minimum internal refresh timer (tREF). then, in ef- 
fect, all refresh cycles will be caused by the external re- 
fresh request, and the internal refresh timer wiii never 
generate a refresh request. 





. REFRQ 


8085A T""^ 






8202A 




SACK or 




CAS 



Figure 5. Hidden Refresh 



Read Cycles 

The 8202A can accept two different types of memory 
Read requests: 

1) Normal Read, via the RD input 

2) Advanced Read, using the St and ALE inputs 



The user can select the desired Read request configura- 
tion via the B1 /OP1 hardware strapping option on pin 25. 





Normal Read 


Advanced Read 


Pin 25 


B1 input 


+ 12 Volt Option 


Pin 32 


RO input 


S1 input 


Pin 34 


REFRQ input 


ALE input 


# RAM banks 


4 (RAS o-3) 


2 (RAS 2-3) 


Ext. Refresh Req. 


Yes 


No 



Figure 6. 8202A Read Options 



r 

Normal Reads are requested by activating the RD input, 
and keeping it active until the 8202A responds with an 
XACK pulse. The RD input can go inactive as soon as the 
command hold time (tfjHS) js met - 

Advanced Read cycles are requested by pulsing ALE 
while S1 is active; if S1 is inactive (low) ALE is ignored. 
Advanced Read timing is similiar to Normal Read timing, 
except the falling edge of ALE is used as the cycle start 
reference. 

If a Read cycle is requested while a refresh cycle is in 
progress, then the 8202A will set the internal delayed- 
SACK latch. When the Read cycle is eventually s tarted, 
the 8202A will delay the active SACK transition until XACK 
goes active, as shown in the AC timing diagrams. This de- 
lay was designed to compensate for the CPU's READY 
setup and hold times. The delayed-SACK latch is cleared 
after every READ cycle. 



Based on system requirements, either SACK or XACK can 
be used to generate the CPU READY signal. XACK will 
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normally be u sed; if the CPU can tolerate an advanced 
READY, then SACK can be used, but only if the CPU c an 
tolerat e the amount of advance provided by SACK. If 
SACK arrives too early to pr ovide th e appropriate number 
of WAIT states, then either XACK or a delayed form of 
SACK should be used. 

Write Cycles 

Write cycles are similiar to Normal Read cycles, except 
for the WE output. WE is held inactive for Read cycles, but 
goes active for Write cycles. All 8202A Wr ite cy cles are 
"early-write" cycles; WE goes active before CAS goes ac- 
tive by an amount of time sufficient to keep the dynamic 
RAM output buffers turned off. 

General System Considerations 

All memory requests (Normal Reads, Advanced Reads, 
Writes) are qualified by the PCS input. PCS should be sta- 
ble, eithe r active or inactive, prior to the leading edge of 
RD, WR, or ALE . Systems which use battery backup 
should pullup PCS to prevent erroneous memory requests, 
and should also pullup WR to keep the 8202A out of its 
test mode. 

In order to minimize propagation delay, the 8202A uses an 
inverting address multiplexer without latches. The system 
must provide adequa te ad dress setup and hold times to 
guarantee RAS and CAS setup and hold times for the 
RAM. The 8202 A tAD AC parameter should be used for 
this system calculation. 

The BOB1 inputs are similiar to the address inputs in that 
they are not latched. BO and B1 should not be changed 
during a memory cycle, since they directly control which 
RAS output is activated. 

The 8202A uses a two-stage synchronizer for the memory 
request inputs (RD, WR, ALE), and a separate two stage 
synchronizer for the external refresh input (REFRQ). As 
with any synchronizer, there is always a finite probability 
of metastable states inducing system errors. The 8202A 
synchronizer was designed to have a system error rate 
less than 1 memory cycle every three years based on the 
full operating range of the 8202A. 



A microprocessor system is concerned with the time data 
is valid after RD goes low. See Figure 7. In order to calcu- 
late memory read access times, the dynamic RAM's A.C. 
specifications must be examined, especially the RAS-ac- 
cess time (tRAC) and the CAS-access time (tCAC)- Most 
configurations will be CAS-access limited; i.e., the data 
from the RAM will be stable t C c,max (8202A) + tCAC 
(RAM) after a memory read cycle is started. Be sure to 
add any delays (due to buffers, data latches, etc.) to cal- 
culate the overall read access time. 

Since the 8202A normally performs "early-write" cycles, 
the d ata must be stable at the RAM data inputs by the time 
CAS goes active, including the RAM's data setup time. If 
the system does not normally guarantee sufficient write 
data setup, you must either delay the WR input signal or 
delay the 8202A WE output. 

Delaying the WR input will delay all 8202 A ti ming, in cluding 
the READY handshake signals, SACK and XACK, which 
may increase the number of WAIT states generated by the 
CPU. 

If the WE output is externally delayed beyond the CAS ac- 
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM. This WE transition 
should not occur too late during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 
met. 



RD \^ 




RAS 


_ — tRLDV — »J 

U tRAC H 




I *CAC 1 


\ ! / 



Figure 7. Read Access Time 
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A8-15 
ALE 

i8 

AD 0 -7 

RD 
WR 



«- | 8282 | 



ALO-6 OUTo-6 
AHo-6 
Bo-1 

8202A 
( 16K MODE) WE 
CAS 

RD/Si RAS 0 
WR 

RASi 
RAS2 
RAS3 



CAS 
RAS 

din dout . 



CAS 
RAS 

din Dqut 



0 



CAS 
RAS 

din dout 

a 



2118 

DYNAMIC RAM ARRAY 



XT 




Figure 8. Typical 8088 System 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65 0 C to + 1 50 0 C 

Voltage On any Pin 

With Respect to Ground -0.5V to +7V* 

Power Dissipation 1.5 Watts 



'NOTE: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for, ex- 
tended periods may affect device reliability. 



D.C. CHARACTERISTICS T A = 0°C to 70°C; V C c = 5.QV ± 10%, VCC = 5.0V ± 5% for 8202 A-3, GND = 0V 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


vc 


Input Clamp Voltage 




-1.0 


V 


iC s "5 mA 


ice 


Power Supply Current 




270 


mA 




if 


Forward Input Current 
CLK 

All Other Inputs 3 




-2.0 
-320 


mA 
/*A 


Vp = 0.45V 
Vp = 0.45V 


|R 


Reverse Input Current 3 




40 




Vr = V C C (Notel) 


vol 


Output Low Voltage 
SACK, XACK 
All Other Outputs 




0.45 
0.45 


V 
V 


lOL = 5 mA 
'OL = 3 mA 


voh 


Output High Voltage 
SACK, XACK 
All Other Outputs 


2.4 
2.6 




V 
V 


V| L = 0.65V « 
Iqh = -1 mA 
lOH = -1 mA 


V|L 


Input Low Voltage 




0.8 


V 


Vcc = 5 0V (Note 2) 


V|H1 


Input High Voltage 


2.0 




V 


V C c = 5.0V 


V|H2 


Option Voltage 






V 


(Note 4) 


C|N 


Input Capacitance 




30 


PF 


F = 1 MHz 

VBIAS = 2.5V, V C C = 5V 
T A = 25°C 



NOTES: 

1 l R = 200/uA for pin 37 (CLK) for external clock mode 

2. For test mode RD & WR must be held at GND. 

3. Except for pin 3^6. 

4 8202A-1 and 8202A-3 supports both OP-, and OP 2 . 8202A only supports OP 2 



+ 12 Volt 
±10% 



OP2 

8202A 
OP1 



Resistor Tolerance ±5% 
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A.C. CHARACTERISTICS 

T A = 0°C to 70°C, V cc = 5V ± 10%, V C c = 5V ± 5% for 8202 A-3 

Measurements made with respect to RAS0-RAS3, CAS, WE.OUTQ-OUTe are at 2.4V and 0.8V. All 
other pins are measured at 1 .5V. All times are in nsec. 



Symbol 


Parameter 


Min 


Max 


Notes 


tp 


Clock Period 


40 


54 




»PH 


External Clock High Time 


20 




• 


tPL 


External Clock Low Time — above (>) 20 mHz 


17 






tPL 


External Clock Low Time — below (<) 20 mHz 


20 






*RC 


Memory Cycle Time 


10tp - 30 


12tp 


4, 5 


*REF 


Refresh Time (128 cycles— 16K mode) 


264tp 


288tp 




tRP 


RAS Precharge Time 


4tp - 30 






tRSH 


RAS Hold After CAS 


5tp - 30 




3 


*ASR 


Address Setup to RAS 


tp - 30 




3 


*RAH 


Address Hold From RAS 


tp - 10 




3 


tASC 


Address Setup to CAS 


tp - 30 




3 


*CAH 


Address Hold from CAS 


5tp - 20 




3 


♦CAS 


CAS Pulse Width 


5tp - 10 






twos 


WE Setup to CAS 


tp - 40 






*WCH 


WE Hold After CA§ 


5tp - 35 




8 


*RS 


RD, WR, ALE, REFRQ delay from RAS 


5tp 






*MRP 


RD, WR setup to RAS 


0 




5 


tRMS 


REFRQ setup to RD, WR 


2t P 






tRMP 


REFRQ setup to RAS 


2tp 




5 


tpcs 


PCS Setup to RD, WR, ALE 


20 






tAL 


S1 Setup to ALE 


15 






tLA 


S1 Hold from ALE 


30 






*CR 


RD, WR, ALE to RAS Delay 


tp + 30 


2tp + 70 


2 


tec 


RD, WR, ALE to CAS Delay 


3tp + 25 


4tp + 85 


2 


*SC 


CMD Setup to Clock 


15 




1 


*MRS 


RD, WR setup to REFRQ 


5 






tCA 


RD, WR, ALE to SACK Delay 




2tp + 47 


2,9 


*cx 


CAS to XACK Delay 


5tp - 25 


5tp + 20 




tcs 


CAS to SACK Delay 


5tp - 25 


5tp + 40 


2, 10 


*ACK 


XACK to CAS Setup 


10 






txw 


XACK Pulse Width 


tp - 25 




7 


*CK 


SACK, XACK turn-off Delay 




35 




*KCH 


CMD Inactive Hold after SACK, XACK 


10 






tLL 


REFRQ Pulse Width 


20 






*CHS 


CMD Hold Time 


30 




11 


*RFR 


REFRQ to RAS Delay 




4tp + 100 


6 


t WW 


WR to WE Delay 


0 


50 


8 


*AD 


CPU Address Delay 


0 


40 


3 
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WAVEFORMS 

Normal Read or Write Cycle 



i — y 



/ 



-tcx— 
— tcs 



Advanced Read Mode 
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WAVEFORMS (cont'd) 
Memory Compatibility Timing 



bo-bi A / 
AL0-AL6, ] f 
aho-ah6 > V 



VALID ADDRESS 



X 



CAS 



1 



\ 



)czjc 



x 



Write Cycle Timing 
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WAVEFORMS (cont'd) 

Read or Write Followed By External Refresh 




External Refresh Followed By Read or Write 
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WAVEFORMS (cont'd) 
Clock And System Timing 




Table 2 8202A Output Test 
Loading. 



A.C. TESTING LOAD CIRCUIT 



Pin 


Test Load 


SACK, XACK 


Cl = 30 pF 


OUT 0 -OUT 6 ; 


Cl = 160 pF 


RAS0-RAS3 


Cl = 60 pF 


We 


C L - 224 pF 


CAS 


C L - 320 pF 


NOTES: 



t sc is a reference point only. ALE, RD, WR, and REFRQ inputs do 
not have to be externally synchronized to 8202A clock. 
If tRs m » n and *MRS m * n are met tnen > *CA> *CR' and *CC are 
valid, otherwise \qs is va,id - 

*ASR- *RAH. *ASC. *CAH» and *RSH depend upon B0-B1 and CPU 
address remaining stable throughout the memory cycle. The ad- 
dress inputs are not latched by the 8202A. 
For back-to-back refresh cycles, tpc max = 13tp 
tRC max is valid only if tpMp min is met (READ, WRITE followed 
by REFRESH) or t MRP min is met (REFRESH followed by READ, 
WRITE). 

tRFR >s valid only if tp§ min and tRMS min are met 

txw m in applies when RD, WR has already gone high. Otherwise 

XACK follows RD, WR. 

WE goes high according to tyvCH or tyyw- whichever occurs 
first. 



DEVICE 
UNDER 
TEST 



! 



C u INCLUDES JIG CAPACITANCE 



9. tcA applies only when in normal SACK m ode. 

10. tcs applies only when in delayed SACK mode. 

1 1 • tfjHS mu st be m et only to ensu re a SACK active pulse when in 
delayed SACK mode. XACK will always be activated for at 
least t X w (tp-25 nS). Violating tcHS min does not otherwise 
affect device operation. 
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The typica l rising and falling characteristic curves for the Timing Parameters. Using this design tool in conjunction 
OUT, RAS, CAS and WE output buffers can be used to with the timing waveforms, the designer can determine 
determine the effects of capacitive loading on the A.C. typical timing shifts based on system capacitive load. 

A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS 




NOTE: MEASUREMENT CONDITIONS: 

Use the Test Load as the base capacitance for estimating timing j A - 25°C Pine not measured are loaded with the 

shifts for system critical timing parameters. V C c = +5V Test Load capacitance. 

t p = 50 ns 
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Example: Find the effect on tcR and tec usm 9 64 
2118 Dynamic RAMs configured in 4 banks. 

1 . Determine the typical RAS and CAS capacitance: 
From the data sheet RAS = 4 pF and CAS = 4 pF. 
/. RAS load = 64 pF + board capacitance. 

CAS load = 256 pF + board capacitance. 

Assume 2 pF/in (trace length) for board 

capacitance. 



2. From the waveform diagrams, we determine that 
the falling edge timing is needed for tcR and tec- 
Next find the curve that best approximates the 
test load; i.e., 68 pF for RAS and 330 pF for CAS. 

3. If we use 72 pF for RAS loading, then the ten 
(max.) spec should be increased by about 1 ns. 
Similarly if we use 288 pF for CAS, then tec (min.) 
and (max.) should decrease about 1 ns. 
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64K DYNAMIC RAM CONTROLLER 



■ Provides AH Signals Necessary to 
Control 64K (2164) and 16K (2117, 2118) 
Dynamic Memories 

■ Directly Addresses and Drives Up to 64 
Devices Without External Drivers 

■ Provides Address Multiplexing and 
Strobes 

■ Provides a Refresh Timer and a Refresh 
Counter 

■ Provides Refresh /Access Arbitration 

■ Internal Clock Capability with the 8203-1 
and the 8203-3 



■ Fully Compatible with Intel® 8080A, 
8085A, iAPX 88, and iAPX 86 Family Micro- 
processors 

■ Decodes CPU Status for Advanced Read 
Capability in 16K mode with the 8203-1 and 
the 8203-3. 

■ Provides System Acknowledge and Trans- 
fer Acknowledge Signals 

■ Refresh Cycles May be Internally or Exter- 
nally Requested (For Transparent Refresh) 

■ Internal Series Damping Resistors on All 
RAM Outputs 



The Intel® 8203 is a Dynamic Ram System Controller designed to provide all signals necessary to use 2164, 21 18 
or 2117 Dynamic RAMs in microcomputer systems. The 8203 provides multiplexed addresses and address 
strobes, refresh logic, refresh/access arbitration. Refresh cycles can be started internally or externally. The 
8203-1 and the 8203-3 support an internal crystal oscillator and Advanced Read Capability. The 8203-3 is a ±5% V cc 
part. 




AH* □ 1 

AH3 C 2 

AH2 C 3 

AH1 C 4 

AHo C 5 

ALO C 6 

ODTo C 7 

AL1 C 8 

OUT1 C 9 

Al_2 C 10 

OUT 2 C 11 

AC3 C 12 

OUT3 C 13 

AU C 14 

5UT 4 C. 15 

AL5 C « 

6OT5 C 17 

AL 6 jC 18 

SDT6 C 19 

6ND C 20 



D □VCC 
9 □ AH 5 
B □ AHe 

7 □Xi/CLK 
6 

5 □16K/64K 

* □ REFRQ ALE 

3 □PCS 

2 □B5/S1 

1 □ wfi 

0 □sack 

9 □3(ACK 

8 □WE 
7 □ 535S 

6 □ RA§ 3 (B0) 

5 □ B1/OP1 (AH 7 ) 

4 □ Bo (AL 7 ) 

3 □ RA§2 (OUT 7) 

2 □rASi 

1 □SaSo 



Figure 1. 8203 Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin 





t*in 






Symbol 


No. 


Type 


Name and Function 


AL 0 


6 


I 


Address Low: CPU address in- 


ALi 


8 


1 


puts used to generate memory 


AL 2 


10 


l 


row address. 


AL3 


12 


1 




AL4 


14 






Al <- 


16 






Al £> 


10 






AH 0 


5 


I 


Address High: CPU address in- 


AH^ 


4 


l 


puts used to generate memory 


AH 2 


3 


l 


column address. 


AH 3 


2 


1 




AH4 


1 


1 




AH5 


39 


l 






38 


1 




b 0 /al 7 


24 


1 


Bank Select Inputs: Used to 




25 


l 


gate the appropriate RAS output 


AH7 






for a memory cycle. B-| /OP 1 op- 








tion used to select the Advanced 








Read Mode. (Not available in 








64K mode.) See Figure 5. 








Whon in RAVC DAM KAz-irle* nine OA 

wnen in o*n\ nnivi ivioue, pins 








and 25 operate as the AL7 and 








AH7 address inputs. 


PCS 


33 


l 


riocecivu Vsiiip ooieci. usee 10 








enable the memory read and 








write inputs. Once a cycle is 








started, it will not abort even if 








PCS goes inactive before cycle 








/>AmniAtiAn 

uonipieiioii. 


WR 


31 


l 


Memory Write Request. 


_ 

RD/S1 


32 


1 


Memory Read Request: S1 








function used in Advanced Read 








mode selected by OP-j (pin 25). 


REFRQ/ 


34 


1 


External Refresh Request: ALE 


Al C ' 






function used in Advanced Read 








mode, selected by OP-j (pin 25). 


oOTo 


7 


0 


Output of the Multiplexer: 


0UT1 


9 


0 


These outputs are designed to 


0UT2 


11 


0 


drive the addresses of the Dy- 


0UT3 


13 


0 


namic RAM array. (Note that the 


rsi it . 
\JU 1 4 


15 


0 


OUTq-7 pins do not require in- 


OUT5 


17 


0 


verters or drivers for proper op- 


OUT 6 


19 


0 


eration.) 


WE 


28 


0 


Write Enable: Drives the Write 








Enable inputs of the Dynamic 








RAM array. 


CAS ' 


27 


0 


Column Address Strobe: This 








output is used to latch the Col- 








umn Address into the Dynamic 








RAM array. 



Descriptions 



Symbol 


Pin 
No. 


Type 


Name and Function 


RASq 
RAS j 

Eas 2 / 

OUT7 


21 
22 

23 
26 


0 
0 
0 

I/O 


Row Address Strobe: Used to 
latch the Row Address into the 
bank of dynamic RAMs, select- 
ed by the 8203 Bank Select pins 

VDQ, D j t vr j/. Ill UHi\ III UU6 , 

only RASrj and RAS^ are avail- 
able; pin 23 operates as OUT7 
and pin 26 operates as the Bq 
bank select input. 


XACK 


29 


0 


Transfer Acknowledge: This 
output is a strobe indicating val- 
id data during a read cycle or 
data written during a write cycle. 
XACK can be used to latch valid 

rfatj) frnm thc» RAM arra\i 
uaia iiisiii uic; nrAivi ail ay. 


SACK 


30 


0 


System Acknowledge: This 
output indicates the beginning of 
a memory access cycle. It can 
be used as an advanced trans- 
fer acknowledge to eliminate 
wait states. (Note: If a memory 
access request is made during a 
refresh cycle, SACK is delayed 
until XACK in the memory ac- 
cess cycle). 


X 0 /OP 2 
X^CLK 


36 
37 


I/O 
I/O 


Oscillator Inputs: These inputs 
are designed for a quartz crystal 
to control the frequency of the 
oscillator, if X0/OP2 is shorted 
to pin 40 (Vqc) or if X0/OP2 is 

v/vllll vvl vU (v I ICmV IIIIVJU^JII CI 

1Kfl resistor then X^CLK be- 
comes a TTL input for an exter- 
nal clock. (Note: Crystal mode 
for the 8203-1 and the 8203-3 
only). 


16K/64K 


35 


1 


Mode Select: This input selects 
16K mode (2117, 2118) or 64K 
mode (2164). Pins 23-26 
change function based on the 
mode of operation. 


vec 


40 




Power Supply: +5V. 


GND 


20 




Ground. 



Functional Description 

The 8203 provides a complete dynamic RAM control- 
ler for microprocessor systems as well as expansion 
memory boards. All of the necessary control signals 
are provided for 21 64, 21 1 8 and 21 1 7 dynamic RAMs. 

The 8203 has two modes, one for 16K dynamic RAMs 
and one for 64Ks, controlled by pin 35. 
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cs: 



4 



Cs < 10pF 
FUNDAMENTAL XTAL 



WE 

CAS 

RASo 

RASi 

RAS2 

RAS3 

XACK 

SACK 



Figure 3. 



Crystal Operation for the 8203-1 and 
8203-3 



All 8203 timing is generated from a single reference clock. 
This clock is provided via an external oscillator or an on- 
chip crystal oscillator. All output signal transitions are syn- 
chronous with respect to this clock reference, except for 
the trailing edges of the CPU handshake signals SACK and 
XACK. 

CPU memory requests normally use the RD and WR in- 
puts. The Advanced-Read mode allows ALE and S1 to be 
used in place of the RD input. 

Failsafe refresh is provided via an internal timer which gen- 
erates refresh requests. Refresh requests can also be 
generated via the REFRQ input. 

An on-chip synchronizer /arbiter prevents memory and re- 
fresh requests from affecting a cycle in progress. The 
READ, WRITE, and external REFRESH requests may be 
asynchronous to the 8203 clock; on-chip logic will syn- 
chronize the requests, and the arbiter will decide if the re- 
quests should be delayed, pending completion of a cycle in 
progress. 

16K/64K Option Selection 

Pin 35 is a strap input that controls the two 8203 modes. 
Figure 4 shows the fdur pins that are multiplexed. In 16K 
mode (pin 35 tied to Vqc or 'eft open), th e 82 Q3 has two 
Bank Select inputs to select one of four RAS outputs. In 
this mode, the 8203 is exactly compatible with the Intel 
8202 A Dynamic RAM Controller. In 64K mode (pin 35 tied 
to GND), ther e is o nly one Bank Select input (pin 26) to 
select the two RAS outputs. More than two banks of 64K 
dynamic RAM's can be used with external logic. 



Other Option Selections 

The 8203 has three strapping options. When OPi is se- 
lected (16K mode only), pin 32 changes from a RD input to 
an S1 input, and pin 34 changes from a REFRQ input to an 
ALE input. See "Refresh Cycles" and "Read Cycles" for 
more detail. OPi is selected by tying pin 25 to +12V 
through a 5.1 K ohm resistor on the 8203-1 or 8203-3 
only. 

When OP2 is selected, the internal oscillator is disabled 
and pin 37 changes from a crystal input (X-|) to a CLK 
input for an external TTL clock. OP2 is selected by short- 
ing pin 36 (X0/OP2) directly to pin 40 (Vcc)- No current 
limiting resistor should be used. OP2 may also be selected 
by tying pin 36 to + 12V through a 1KQ resistor. 

Refresh Timer 

The refresh timer is used to monitor the time since the last 
refresh cycle occurred. When the appropriate amount of 
time has elapsed, the refresh tjmer will request a refresh 
cycle. External refresh requests will reset the refresh 
timer. 

Refresh Counter 

The refresh counter is used to sequentially refresh all of 
the memory's rows. The 8-bit counter is incremented after 
every refresh cycle. 



Pin # 


16K Function 


64K Function 


23 


RAS 2 


Address Output (OUT7) 


24 


Bank Select (Bo) 


Address Input (AL7) 


25 


Bank Select (B1) 


Address Input (AH7) 


26 


RAS 3 


Bank Select (Bq) 



Figure 4. 16K/64K Mode Selection 



Inputs 


Outputs 




B1 


BO 


RAS 0 RASi RA§2 BA§3 




0 


0 


0 1 1 1 


16K 


0 


1 


1 0 1 1 


Mode 


1 


0 


1-1 0 1 




1 


1 


1110 


64K 




0 


0 1 — — 


Mode 




1 


1 0 — — 



Figure 5. Bank Selection 



Description 


Pin # 


Normal Function 


Option Function 


B1/OP1 (16Konly)/AH 7 


25 


Bank (RAS) Seiect 


Advanced-Read Mode (8203-1, -3) 


X 0 /OP 2 


36 


Crystal Oscillator (8203-1 and 8203-3) 


External Oscillator 



Figure 6. 8203 Option Selection 
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Address Multiplexer 

The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appr opriat e ti me. T he address outputs, in 
conjunction with the RAS and CAS outputs, determine the 
address used by the dynamic RAMs for read, write, and 
refresh cycles. During the f irst p ar t of a read or write cy- 
cle, AL0-AL7 are gated to OUT0-OUT7, then AH0-AH7 
are gated to the address outputs. 

During a refresh cycle, the refresh counter is gated onto 
the ad dress outputs. All refresh cycles are RAS-only re- 
fresh (CAS inactive, RAS active). 

To minimise buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 

OUT0-OUT7 do not need inverters or buffers unless addi- 
tional drive is required. 

Synchronizer /Arbiter 

The 8203 has three inputs, REFRQ/ALE (pin 34), RD (pin 
32) and WR (pin 31). the RD and WR inputs allow an ex- 
ternal CPU to request a memory read or write cycle, re- 
spectively. The REFRQ/ALE input allows refresh requests 
to be requested external to the 8203. 

All three of these inputs may be asynchronous with re- 
spect to the 8203's clock. The arbiter will resolve conflicts 
between refresh and memory requests, for both pending 
cycles and cycles in progress. Read and write requests 
wilt be given priority over refresh requests. 

System Operation 

The 8203 is always in one of the following states: 

a) IDLE 

b) TEST Cycle 

c) REFRESH Cycle 

d) READ Cycle v 

e) WRITE Cycle 

The 8203 is normally in the IDLE state. Whenever one of 
the other cycles is requested, the 8203 will leave the IDLE 
state to perform the desired cycle. If no other cycles are 
pending, the 8203 will return to the IDLE state. 

Test Cycle 

The TEST Cycle is, used to check operation of several 
8203 internal functions. TEST cycles are requested by ac- 
tivating the PCS, RD and WR inputs. The TEST Cycle will 
reset the refresh address counter and perform a WRITE 
Cycle. The TEST Cycle should not be used in normal sys- 
tem operation, since it would affect the dynamic RAM re- 
fresh. 



Refresh Cycles 

The 82fJ3 has two ways of providing dynamic RAM 
refresh: 

1) Internal (failsafe) refresh 

2) External (hidden) refresh 

Both types of 8203 refresh cyc les activate all of the RAS 
outputs, while CAS, WE, SACK, and XACK remain 
inactive. 

Internal refresh is generated by the on-chip refresh timer. 
The timer uses the 8203 clock to ensure that refresh of all 
rows of the dynamic RAM occurs every 2 milliseconds 
(128 cycles) or every 4 milliseconds (256 cycles). If 
REFRQ is inactive, the refresh timer will request a refresh 
cycle every 10-16 microseconds. 

External refresh is requested via the REFRQ input (pin 34). 
External refresh control is not available when the Ad- 
vanced-Read mode is selected. External refresh requests 
are latched, then synchronized to the 8203 clock. 

The arbiter will allow the refresh request to start a refresh 
cycle only if the 8203 is not in the middle of a cycle. 

When the 8203 is in the idle state a simultaneous memory 
request and external refresh request will result in the mem- 
ory request being honored first. This 8203 characteristic 
can be used to "hide" refresh cycles during system oper- 
ation. A circuit similar to Figure 7 can be used to decode 
the CPU's instruction fetch status to generate an external 
refresh request. The refresh request is latched while the 
8203 performs the instruction fetch; the refresh cycle will 
start immediately after the memory cycle is completed, 
even if the RD input has not gone inactive. If the CPU's 
instruction decode time is long enough, the 8203 can com- 
plete the refresh cycle before the next memory request is 
generated. 

If the 8203 is not in the idle state then a simultaneous mem- 
ory request and an external refresh request may result in 
the refresh request being honored first. 



80 ~~ V^' 






8085A N T""N 


^ REFRQ 




8203 




SACK or 




CAS 



Figure 7. Hidden Refresh 



6*94 



AFN-02144B 



inteT 



8203 



Certain system configurations require complete external 
refresh requests. If external refresh is requested faster 
than the minimum internal refresh timer (tpEF)> then, in ef- 
fect, all refresh cycles will be caused by the external re- 
fresh request, and the internal refresh timer will never 
generate a refresh request. 

Read Cycles 

The 8203 can accept two different types of memory Read 
requests: 

1) Normal Read, via the RD input 

2) Advanced Read, using the S1 and ALE inputs (16K 
mode only) 

The user can select the desired Read request configura- 
tion via the B1 /OP1 hardware strapping option on pin 25. 





Normal Read 


Advanced Read 


Pin 25 


B1 input 


OPl (+12V) 


Pin 32 


RD input 


S1 input 


Pin 34 


REFRQ input 


ALE input 


# RAM banks 


4 (RAS o-3) 


2 (RAS 2-3) 


Ext. Refresh 


Yes 


No 



Figure 8. 8203 Read Options 

Normal Reads are requested by activating the RD input, 
and ke eping it active until the 8203 responds with an 
XACK pulse. The RD input can go inactive as soon as the 
command hold time (tCHS) ' s met - 

Advanced Read cycles are requested by pulsing ALE 
while S1 is active; if St is inactive (low) ALE is ignored. 
Advanced Read timing is similiar to Normal Read timing, 
except the falling edge of ALE is used as the cycle start 
reference. 

If a Read cycle is requested while a refresh cycle is in 
progress, then the 8203 wilt set the internal delayed- 
SACK latch. When the Read cycle is eventually started, 
the 8203 will delay the active SACK transition until XACK 
goes active, as shown in the AC timing diagrams. This de- 
lay was designed to compensate for the CPU's READY 
setup and hold times. The delayed-SACK latch is cleared 
after every READ cycle. 



Based on system requirements, either SACK or XACK can 
be used to generate the CPU READY signal. XACK will 
normally be used; if the CPU can tolerate an advanced 
READY, then SACK can be used, but only if the CPU can 
tolerat e the amount of advance provided by SACK. If 
SACK arrives too early to pr ovide th e appropriate number 
of WA IT states, then either XAbK or a delayed form of 
SACK should be used. 



Write Cycles 

Write cycles are sjmiliar to Normal Read cycles, except 
for the WE output. WE is held inactive for Read cycles, but 
goes active for Write cycles. All 8203 Wri te cy cles are 
"early-write" cycles; WE goes active before CAS goes ac- 
tive by an amount of time sufficient to keep the dynamic 
RAM output buffers turned off. 

General System Considerations 

All memory requests (Normal Reads, Advanced Reads, 
Writes) are qualified by the PCS input. PCS should be sta- 
ble, either active or inactive, prior to the leading edge of 
RD, WR, or ALE . Systems which use battery backup 
should pullup PCS to prevent erroneous memory requests. 

In order to minimize propagation delay, the 8203 uses an 
inverting address multiplexer without latches. The system 
must provide adequate address setup and hold times to 
guarantee RAS and CAS setup and hold times for the 
RAM. The tAD AC parameter should be used for this sys- 
tem calculation. 

The Brj-Bi inputs are similiar to the address inputs in that 
they are not latched. Bo and B-| should not be changed 
during a memory cycle, since they directly control which 
RAt> output is activated. 

The 8203 uses a two-stage synchronizer for the memory 
request inputs (RD, WR, ALE), and a separate two stage 
synchronizer for the external refresh input (REFRQ). As 
with any synchronizer, there is always a finite probability 
of metastable states inducing system errors. The 8203 
synchronizer was designed to have a system error rate 
less than 1 memory cycle every three years based on the 
full operating range of the 8203. 

A microprocessor system is concerned when the data is 
valid after RD goes low. See Figure 9. In order to calculate 
memory read access times, the dynamic RAM's A.C. 
specifications must be examined, especially the RAS-ac- 
cess time (tRAC) and the CAS-access time (tCAC)- Most 
configurations will be CAS-access limited; i.e., the data 
from the RAM will be stable t C c,max (8203) + tCAC 
(RAM) after a memory read cycle is started. Be sure to 
add any delays (due to buffers, data latches, etc.) to cal- 
culate the overall read access time. 

Since the 8203 normally performs "early-write" cycles, 
the d ata must be stable at the RAM data inputs by the time 
CAS goes active, including the RAM's data setup time. If 
the system does not normally guarantee sufficient write 
data setup, you must either delay the WR input signal or 
delay the 8203 WE output. 

Delaying the WR input will delay all 820 3 ti ming, in cluding 
the READY handshake signals, SACK and XACK, which 
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Figure 9. Read Access Time 



may increase the number of WAIT states generated by the 
CPU. 

If the WE; output is externally delayed beyond the CAS ac- 
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM, This WE transition 
should not occur too la te during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 
met. 

The RASrj-3, CAS, OUTrj-7. and WE outputs contain on- 
chip series damping resistors (typically 2012) to minimize 
overshoot. 

Some dynamic RAMs require more than 2.4V V|H- Noise 
immunity may be improved for these RAMs by adding pull- 
up resistors to the 8203's outputs. Intel RAMs do not re- 
quire pull-up resistors. 



2118 

DYNAMIC RAM ARRAY 



As- 15 
ALE 

18 

ADo-7 

RO 
WR 



3 



» | 8282 | 



ALo-6 OUTo-6 

AHo-6 

B0-1 

8203 
(16KMODE) WE 
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RD/S"i R *S0 
WR 

RAS1 
RAS2 
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XACK 
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Figure 10. Typical 8088 System 
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Figure 11. 8086/256K Byte System 
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ABSOLUTE MAXIMUM RATINGS' 

Ambient Temperature Under Bias 0°C to 70° C 

Stdrage Temperature -65°C to +150°C 

Voltage On any Pin 

With Respect to Ground -0.5V to +7V* 

Power Dissipation 1.6 Watts 



'NOTE: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



P.C. CHARACTERISTICS T A = 0°C to 70°C; V C C ■ 5.0V ± 10% (5.0V ± 5% for 8203-3); GND - 0V 



Symbol 


Parameter 


Min 


Max 


Unite 


Teet Conditions 


vc 


Input Clamp Voltage 




-1.0 


V 


lc " ""5 mA 


•cc 


Power Supply Current 




290 


mA 




if 


Forward Input Current 
CLK, 64K/ 16K Mode select 
All Other Inputs 3 




-2.0 
-320 


mA 
MA 


Vp = 0.45V 
Vp = 0.45V 


>R 


Reverse Input Current 3 




40 


m a 


V R s VCC; Note 1 


vol 


Output Low Voltage 
SACK, XACK 
All Other Outputs 




0.45 
0.45 


V 
V 


lOL = 5 mA 
lOL ~ 3 mA 


voh 


Output High Voltage 
SACK, XACK 
All Other Outputs 


2.4 
2.6 




V 
V 

s_. „ 


V| L « 0.65 V 
'OH = —1 rriA 
'OH =."1mA 


V|L 


Input Low Voltage 




0.8 


V 


Vec = 5.0V (Note 2) 


V|H1 


Input High Voltage 


2.0 


vec 


V 


V C C - 5.0V 


V|H2 


Option Voltage 




vec 


V 


(Note 4) 


C|N 


Input Capacitance 




30 


PF 


F = 1 MHz 

VBIAS = 2.5V, V C C - 5V 
T A - 25°C 



NOTES: 

1 . Ir = 200 mA for_pin 37 (CLK). 

2. For test mode RO & WR must be held at GND. 

3. Except for pin 36 in XTAL mode. 

4. 8203-1 and 8203-3 supports both OP1 and OP2, 8203 only supports OP2. 



8203 
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A.C. CHARACTERISTICS 

Tj » 0°C to 70°C; Vcc = 5V ± 10% (5.0V ± 5% for 8203-3); GND ■ 0V 

Measurements made with respect to RAS0-RAS3, CAS, WE, OUTo-OUT© are at 2.4V and 0.8V. All 
other pins are measured at 1 .5V. All times are in nsec. 



Symbol 


Parameter 


Min 


Max 


Notes 


tp 


Clock Period 


40 


54 




tPH 


External Clock High Time 


20 






tPL 


r ' — ■ ~t ■" — — 

External Clock Low Time— above (>) 20 mHz 


17 






tPL 


External Clock Low Time— below (<) 20 mHz 


20 






*RC 


Memory Cycle Time 


10tp - 30 


12tp 


4, 5 


tREF 


Refresh Time (128 cycles) 


264tp 


288t P 




tRP 


RAS Precharge Time 


4tp - 30 






tRSH 


RAS Hold After CA§ 


5tp - 30 




3 


*ASR 


Address Setup to RAS 


tp - 30 




3 


tRAH 


Address Hold From RAS 


tp - 10 




3 


*ASC 


Address Setup to CAS 


tp-30 




3 


tCAH 


Address Hold from CAS 


5tp - 20 




3 


tCAS 


CAS Pulse Width 


5tp - 10 






ttocs 


WE Setup to CAS 


tp - 40 






tWCH 


WE Hold After CAS 


5tp - 35 




8 


tRS 


RD, WR, ALE, REFRQ delay from RAS 


5tp 




2,6 


*MRP 


RD, WR setup to RAS 


0 




5 


tRMS 


REFRQ setup to RD, WR 


2tp 




6 


tRMP 


REFRQ setup to RAS 


2tp 




5 


*PCS 


PCS Setup to RD, WR, ALE 


20 






*AL 


S1 Setup to ALE 


15 






*LA 


S1 Hold from ALE 


30 






tCR 


RD, WR, ALE to RAS Delay 


tp + 30 


2tp + 70 


2 


tec 


RD, WR, ALE to CAS Delay 


3tp + 25 


4tp + 85 


2 


tsc 


CMD Setup to Clock 


15 




1 


*MRS 


RD, WR setup to REFRQ 


5 




2 


tCA 


RD, WR, ALE to SACK Delay 




2tp + 47 


2,9 


tcx 


CAS to XACK Delay 


5tp - 25 


5tp + 20 




*CS 


CAS to SACK Delay 


5tp - 25 


5tp + 40 


2, 10 


*ACK 


XACK to CAS Setup 


10 






*XW 


XACK Pulse Width 


tp - 25 




7 


tCK 


SACK, XACK turn-off Delay 




35 




*KCH 


CMD Inactive Hold after SACK, XACK 


10 






tLL 


REFRQ Pulse Width 


20 






tCHS 


CMD Hold Time 


30 




11 


tRFR 


REFRQ to RAS Delay 




4tp + 100 


6 


tww 


WR to WE Delay 


0 


50 


8 


*AD 


CPU Address Delay 


0 


40 


3 
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WAVEFORMS 

Normal Read or Write Cycle 




Advanced Read Mode 
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WAVEFORMS (cont'd) 

Read or Write Followed By External Refresh 




External Refresh Followed By Read or Write 
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WAVEFORMS (cont'd) 
Clock And System Timing 




Table 2. 8203 Output Loading. 

All specifications are 
for the Test Load un- 
less otherwise noted. 



A.C. TESTING LOAD CIRCUIT 



Pin 


Test Load 


SACK, XACK 


C L * 30 pF 


OUT 0 -OUT 6 


Cl - 160 pF 


RAS0-RAS3 


C|_ = 60 pF 


We 


Cl - 224 pF 


CAS 


Cl = 320 pF 



NOTES: 

1 . t sc is a reference point only. ALE, RD, WR, and REFRQ inputs do 
not have to be externally synchronized to 8203 clock. 

2. If tRs 'min and t^RS min ara met then tQA. *CR« and *CC are valid, 
otherwise tcs valid. 

3: *ASR. *RAH> *ASC' ♦CAH- and *RSH depend upon B0-B 1 and CPU 
address remaining stable throughout the memory cycle. The ad- 
dress inputs are not latched by the 8203. 

4. For back-to-back refresh cycles, tRc max "* 13t P 

5. tRc max is valid only if tp^p min is met (READ, WRITE followed 
by REFRESH) or tMRP min is met (REFRESH followed by READ, 
WRITE). 

6. tRFR is valid only if tps m ' n and *RMS min are met - 

7. txw m in applies when RD, WR has already gone high. Otherwise 
XACK follows RD, WR. 

8. WE goes high according to tyycH or tWW> whichever occurs 
first. 




9. tQA applies only when in normal S ACK m ode, de. 

10. tcs applies only when in delayed SACK mode. 

11- l CHS must be b e met only t o ensu re a SACK active pulse 
when in delayed SACK mode. XACK will always be activated 
for at least txw (tp-25 nS). Violating tcHS min does not 
otherwise affect device operation. 
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The t ypical rising and falling characteristic curves for the 
OUT, RAS, CAS and WE output buffers can be used to 
determine the effects of capacitive loading on the A.C. 



Timing Parameters. Using this design too! in conjunction 
with the timing waveforms, the designer can determine 
typical timing shifts based on system capacitive load. 



A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS 



CAPACITANCE: pF 




NOTE: 

Use the Test Load as the base capacitance for estimating timing 
shifts for system critical timing parameters. 



MEASUREMENT CONDITIONS: 

Ta = 25 °C Pins not measured are loaded with 

Vcc = + 5V * ne Test Loa d capacitance 

tp - 50 ns 
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Example: Find the effect on tQR and tec us » n 9 32 2164 
Dynamic RAMs configured in 2 banks. 

1 . Determine the typical RAS and CAS capacitance: 
From the data sheet RAS = 5 pF and CAS = 5 pF. 
.*. RAS load = 80 pF + board capacitance. 
CASJoad = 160 pF + board capacitance. 
Assume 2 pF/in (trace length) for board capaci- 
tance and for this example 4 inches for RAS and 
8 inches for CAS. 



2. From the waveform diagrams, we determine that the 
falling edge timing is needed for tCR and tec- Next find 
the curve that best approximates the test load; i.e., 
68 pF for RAS and 330 pF for CAS. 

3. If we use 88 pF for RAS loading, then tCR (min.) spec 
should be increased by about 1 ns, and tCR (max.) 
spec should be increased by about 2 ns. Similarly if we 
use 176 pF for CAS, then tec (min.) should decrease 
by 3 ns and tec (max.) should decrease by about 7 ns. 
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WAVEFORMS (cont'd) 
Memory Compatibility Timing 



Bo-B 
AL0-AL6, 
AH0-AH6 



0( 



VALID AOORESS 



RAS 



CAS 



OUTo-OUTe 



/ 



\ 



/ 



x 



Write Cycle Timing 
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CMOS 64K DYNAMIC RAM CONTROLLER 



■ Provides All Signals Necessary to NMOS 
(2164A) and CMOS Control (51C64) 64K 
Dynamic Memories 

■ Directly Addresses and Drives Up to 64 
Devices Without External Drivers 

■ Provides Address Multiplexing and 
Strobes 

■ Provides a Refresh Timer and a Refresh 
Counter 



■ Provides Refresh/Access Arbitration 

■ Internal Clock Capability 

■ Provides System Acknowledge and Trans- 
fer Acknowledge Signals 

■ Refresh Cycles May be Internally or Exter- 
nally Requested (For Transparent Refresh) 

■ Internal Series Damping Resistors on All 
RAM Outputs 



The Intel® 82C03 is a CMOS Dynamic Ram System Controller designed to provide all signals necessary to use 
51C64 CMOS Dynamic RAMs in microcomputer systems. The 82C03 provides multiplexed addresses and address 
strobes, refresh logic, refresh/access arbitration. Refresh cycles can be started internally or externally. The 82C03 
supports an internal crystal oscillator. 
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LATCH SYNC 



X0/OP2 - 
Xl/CLK - 



AH4 Q 1 
AH 3 C 2 
AH 2 C 3 
AH1 C 4 
AHO C S 
AL 0 C « 

SOTo C 1 
A«-1 C « 

OUT1 C 9 
AL2 C 10 

5UT2 C 11 
AL 3 C 12 

OUT3 C 13 
AU C 14 

6DT4 C 15 
AL 5 C 1« 

OUT S C 17 
AL6 C 18 

SOTe C « 

QMO C 20 



□ v cc 

3 AH5 

□ AHe 

□ Xi/CLK 
□ X 0 /OP 2 

□ 16K/64K 

□ REFRQ/ALE 

□ PCS 

□ r5/si 

□ WR 

□ sack 

□ xaCk 

□ 551 

□ CA§ 

□ RA§3 (BO) 

□ B1/OP1 (AH 7 » 

□ bo(AL7) 

i 3 RA§ 2 (OUT 7) 

□ SSSl 

□ SSSo 



Figure 1. 82C03 Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin 





Pin 






Symbol 


No. 


Tvoe 


Name and Function 


AL 0 


6 


• 


Address Low: CPU address in- 


ALi 


8 


• 


puts used to generate memory 


AL 2 


10 


1 


row address. 


AL3 


12 


[ 




AL4 


14 






AL5 


16 


| 




AL 6 


18 


| 




AH 0 


5 


1 


Address High: CPU address in- 


AH 1 


4 


1 


puts used to generate memory 


AH 2 


3 


• 


column address. 


AH 3 


2 


• 




AH 4 


1 


1 




AH5 


39 


! 




AH 6 


38 






B 0 /AL 7 


24 


• 


Bank Select Inputs: Used to 




25 




gate the appropriate RAS output 


AH 7 






for a memory cycle. B-j / OP 1 op- 








tion used to select the Advanced 








Read Mode. (Not available in 








64K mode.) See Figure 5. 








When in 64K RAM Mode, pins 24 








and 25 operate as the AL7 and 








AH7 address inputs. 


PCS 


33 


1 


Protected Chip Select: Used to 








enable the memory read and 








write inputs. Once a cycle is 








started, it will not abort even if 








PCS goes inactive before cycle 








completion. 




WR 


31 


1 


Memory Write Request. 


RD/S1 


32 


1 


Memory Read Request: S1 








function used in Advanced Read 








mode selected by OP] (pin 25). 


REFRQ/ 


34 


1 


External Refresh Request: ALE 


ALE 






function used in Advanced Read 








mode, selected by OP^ (pin 25). 


UDTo 


7 


0 


Output of the Multiplexer: 


0DT1 


9 


0 


These outputs are designed to 


0DT2 


1 1 


0 


drive the addresses of the Dy- 


0DT3 


13 


0 


namic RAM array. (Note that the 


0DT4 


15 


0 


OUT0-7 pins do not require in- 


0DT5 


17 


0 


verters or drivers for proper op- 


OUT 6 


19 


0 


eration.) 


WE 


28 


0 


Write Enable: Drives the Write 








Enable inputs of the Dynamic 








RAM array. 


CAS 


27 


0 


Column Address Strobe: This 








output is used to latch the Col- 








umn Address into the Dynamic 








RAW array. 



Descriptions 



Symbol 


Pin 
No. 


Type 


Name and Function 


ra3 0 

RAS1 
RAS 2 / 
OUT7 
RAS3/B0 


21 
22 

23 
26 


0 
0 
0 

I/O 


Row Address Strobe: Used to 
latch the Row Address into the 
bank of dynamic RAMs, select- 
ed by the 8203 Bank Select pins 
(Bo, B1 /OP1). In 64K mode, 
only RASo and RAS^ are avail- 
able; pin 23 operates as OUT7 
and pin 26 operates as the Bo 
bank select input. 


XACK 


29 


0 


Transfer Acknowledge: This 
output is a strobe indicating val- 
id data during a read cycle or 
data written during a write cycle. 
XACK can be used to latch valid 
data from the RAM array. 


SACK 


30 


0 


System Acknowledge: This 
output indicates the beginning of 
a memory access cycle. It can 
be used as an advanced trans- 
fer acknowledge to eliminate 
wait states. (Note: If a memory 
access request- is made during a 
refresh cycle, SACK is delayed 
until XACK in the memory ac- 
cess cycle). 


x 0 /op 2 

X^CLK 


36 
37 


I/O 
I/O 


Oscillator Inputs: These inputs 
are designed for a quartz crystal 
to control the frequency of the 
oscillator. If Xq/OP^ is left open 
then X-j/CLK becomes a TTL in- 
put for an external clock. (Note: 
Crystal mode for the 82C03-1 
only). 


16K/64K 


35 


I 


Mode Select: This input selects 
16K mode (2117, 2118) or 64K 
mode (2164). Pins 23-26 
change function based on the 
mode of operation. 


vcc 


40 




Power Supply: +5V. 


GND 


20 




Ground. 



Functional Description 

The 82C03 provides a complete dynamic RAM control- 
ler for microprocessor systems as well as expansion 
memory boards. All of the necessary control signals 
are provided for 2164A and 51 C64 64K dynamic RAMs. 
As well as 16K dynamic RAMs. 

The 82C03 has two modes, one for 16K dynamic RAMs 
and one for 64Ks, controlled by pin 35. 
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c S : 



T 



Cs - 10pF 
FUNDAMENTAL XTAL 



WE 

CAS 

RASo 

RAS1 

RA§2 

RAS3 

XACK 

SACK 



Figure 3. Crystal Operation for the 82C03-1 

All 8203 timing is generated from a single reference clock. 
This clock is provided via an external oscillator or an on- 
chip crystal oscillator. All output signal transitions are syn- 
chronous with respect to this clock reference, except for 
the trailing edges of the CPU handshake signals SACK and 
XACK. 

CPU memory requests normally use the RD and VVR in- 
puts. The Advanced-Read mode allows ALE and S1 to be 
used in place of the RD input. 



Other Option Selections 

The 82C03 has three strapping options. When OP-j is 
selected (16K mode only), pin 32 changes from aW5 
input to an S1 input, and pin 34 changes from a REFRQ 
input to an ALE input. See "Refresh Cycles" and "Read 
Cycles" for more detail. OP-j is selected by tying pin 25 
to +12V through a 5.1 K ohm resistor. 

When OP2 is selected, the internal oscillator is disabled 
and pin 37 changes from a crystal input (X-j ) to a CLK 
input for an external TTL clock. OPg is selected by 
leaving pin 36 (X0/OP2) open. 



Refresh Timer 

The refresh timer is used to monitor the time since the last 
refresh cycle occurred. When the appropriate amount of 
time has elapsed, the refresh timer will request a refresh 
cycle. External refresh requests will reset the refresh 
timer. 



Refresh Counter 

The refresh counter is used to sequentially refresh all of 
the memory's rows. The 8-bit counter is incremented after 
every refresh cycle. 



Failsafe refresh is provided via an internal timer which gen- 
erates refresh requests. Refresh requests can also be 
generated via the REFRQ input. 

An on-chip synchronizer/arbiter prevents memory and 
refresh requests from affecting a cycle in progress. The 
READ, WRITE, and external REFRESH requests may 
be asynchronous to the 82C03 clock; on-chip logic will 
synchronize the requests, and the arbiter will decide if 
the requests should be delayed, pending completion of 
a cycle in progress. 

16K/64K Option Selection 

Pin 35 is a strap input that controls the two 82C03 
modes. Figure 4 shows the four pins that are multi- 
plexed. In 16K mode (pin 35 tied to Vqq or left open), 
the 82C03 has two Bank Select inputs to select one of 
four RAS outputs. In this mode, the 82C03 is exactly 
compatible with the Intel 8202A Dynamic RAM Con- 
troller. In 64K mode (pin 35 tied to GND), there is only 
one Bank Select input (pin 26) to select the two RAS 
outputs. More than two banks of 64K dynamic RAM's 
can be used with external logic. 



Pin # 


16K Function 


64K Function 


23 


RAS 2 


Address Output (OUT7) 


24 


Bank Select (Bq) 


Address Input (AL7) 


25 


Bank Select (B-\) 


Address Input (AH7) 


26 


RAS3 


Bank Select (Bq) 



Figure 4. 16K/64K Mode Selection 



Inputs 


Outputs 






BO 


RASo RAS1 RAS2 RA§3 




0 


0 


0111 


16K 


0 


1 


1011 


Mode 


1 


0 


1101 




1 


1 


1 ,1 1 0 


64K 




0 


01 — — 


Mode 




1 < 


1 0 — — 



Figure 5. Bank Selection 



Description 


Pin # 


Normal Function 


Option Function 


B1/OP1 (16K only)/AH 7 


25 


Bank (RAS) Select 


Advanced-Read Mode 


x 0 /op 2 


36 


Crystal Oscillator 


External Oscillator 



Figure 6. 8203 Option Selection 
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Address Multiplexer 

The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appr opriat e ti me. T he address outputs, in 
conjunction with the RAS and CAS outputs, determine the 
address used by the dynamic RAMs for read, write, and 
refresh cycles. During the f irst p ar t of a read or write cy- 
cle, AL0-AL7 are gated to OUT0-OUT7, then AH0-AH7 
are gated to the address outputs. 

During a refresh cycle, the refresh counter is gated onto 
the address outputs. All refresh cycles are RAS-only re- 
fresh (CAS inactive, RAS active). 

To minimize buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 

OUT0-OUT7 do not need inverters or buffers unless addi- 
tional drive is required. 

Synchronizer / Arbiter 

The 82C03 has three inputs, REFRQ/ALE (pin 34), RD 
(pin 32) and WR (pin 31). The RD and WR inputs allow 
an external CPU to request a memory read or write 
cycle, respectively. The REFRQ/ALE input allows 
refresh requests to be requested external to the 82C03. 

All three of these inputs may be asynchronous with 
respect to the 82C03's clock. The arbiter will resolve 
conflicts between refresh and memory requests, for 
both pending cycles and cycles in progress. Read and 
write requests will be given priority over refresh 
requests. 

System Operation 

The 82C03 is always in one of the following states: 

a) IDLE 

b) TEST Cycle 

c) REFRESH Cycle 

d) READ Cycle 

e) WRITE Cycle 

The 82C03 is normally in the I DLE state. Whenever one 
of the other cycles is requested, the 82C03 will leave the 
IDLE state to perform the desired cycle. If no other 
cycles are pending, the 82C03 will return to the IDLE 
state. 

Test Cycle 

The TEST Cycle is used to check operation of several 
82C03 internal fu nctio ns. TEST cycles are requested 
by activating the PCS, Sd and WR inputs. The TEST 
Cycle will reset the refresh address counter and per- 
form a WRITE Cycle. The TEST Cycle should not be 
used in normal system operation, since it would affect 
the dynamic RAM refresh. 



Refresh Cycles 

The 82C03 has two ways of providing dynamic RAM 
refresh: 

1) Internal (failsafe) refresh 

2) External (hidden) refresh 

Both types of 82C 03 refresh cycles acti vate al l of the 
RAS ouputs, while CAS, WE, SACK, and XACK remain 
inactive. 

Internal refresh is generated by the on-chip refresh 
timer. The timer uses the 82C03 clock to ensure that 
refresh of all rows of the dynamic RAM occurs every 2 
milliseconds (128 cycles) or every 4 milliseconds (256 
cycles). If REFRQ is inactive, the refresh timer will 
request a refresh cycle every 10-16 microseconds. 

External refresh is requested via the REFRQ input (pin 
34). External refresh control is not available when the 
Advanced-Read mode is selected. External refresh 
requests are latched, then synchronized to the 82C03 
clock. 

The arbiter will allow the refresh request to start a 
refresh cycle only if the 82C03 is not in the middle of a 
cycle. 

When the 82C03 is in the idle state a simultaneous 
memory request and external refresh request will result 
in the memory request being honored first. This82C03 
characteristic can be used to "hide" refresh cycles dur- 
ing system operation. A circuit similiar to Figure 7 can 
be used to decode the CPU's instruction fetch status to 
generate an external refresh request. The refresh 
request is latched while the 82C03 performs the 
instruction fetch; the refresh cycle will start imme- 
diately after the memory cycle is completed, even if the 
RD input has not gone inactive. If the CPU's instruction 
decode time is long enough, the 82C03 can complete 
the refresh cycle before the next memory request is 
generated. 



If the 82C03 is not in the idle state then a simultaneous 
memory request and an external refresh request may 
result in the refresh request being honored first. 



80 — 

8085A T"""^ 




^ REFRQ 




82C03 




SACK or 




CAS 



Figure 7. Hidden Refresh 
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Certain system configurations require complete external 
refresh requests. If external refresh is requested faster 
than the minimum internal refresh timer (tREF). * nen . in ef- 
fect, all refresh cycles will be caused by the external re- 
fresh request, and the internal refresh timer will never 
generate a refresh request. 

Read Cycles 

The 82C03 can accept two different types of memory 
Read requests: 

1) Normal Read, via the RD input 

2) Advanced Read, using the S1 and ALE inputs (16K 
mode only) 

The user can select the desired Read request configura- 
tion via the B1 / OP1 hardware strapping option on pin 25. 





Norma! Read 


Advanced Read 


f?in.25 


B1 input 


OPl (+12V) 


Pin 32 


RD input 


S1 input 


Pin 34 


REFRQ input 


ALE input 


# RAM banks 


4 (RAS 0-3) 


2 (RAS 2-3) 


Ext. Refresh 


Yes 


No 



Figure 8. 82C03 Read Options 



Normal Reads are requested by activating the RD 
input, a nd kee ping it active until the 82C03 responds 
with an XACK pulse. The RD input can go inactive as 
^soon as the command hold time (tcHS) ls met - 

Advanced Read cycles are requested by pulsing ALE 
while S1 is active; if S1 is inactive (low) ALE is ignored. 
Advanced Read timing is similiar to Normal Read timing, 
except the falling edge of ALE is used as the cycle start 
reference. 

If a Read cycle is requested while a refresh cycle is in 
progress, then the 82C03 will set the internal delayed- 
SACK latch. When the Read cycl e is eve ntually started, 
the 82 C03 will delay the active SACK transition until 
XACK goes active, as shown in the AC timing diagrams. 
This delay was designed to compensate for the CPU's 
READY setup and hold times. The delayed-SACK latch 
is cleared after every READ cycle. 



Based on system requirements, either SACK or XACK can 
be used to generate the CPU READY signal. XACK will 
normally be used; if the CPU can tolerate an advanced 
READY, then SACK can be used, but only if the CPU c an 
tolerat e the amount of advance provided by SACK. If 
SACK arrives too early to provide the appropriate number 
of yVA IT states, then either XACK or a delayed form of 
SACK should be used. 



Write Cycles 

Write cycles are similiar to Normal Read cycles, except 
for the WE output. WE is held inactive for Read cycles, 
but goes active for Write cycles. All 82C03 Write c ycles 
are "early-write" cycles; WE goes active before CAS 
goes active by an amount of time sufficient to keep the 
dynamic RAM output buffers turned off. v 

General System Considerations 

All memory requests (Normal Reads, Advanced Reads, 
Writes) are qualified by the PCS input. PCS should be sta- 
ble, either active or inactive, prior to the leading edge of 
RD, WiR, or ALE. Systems which use battery backup 
should pullup PCS to prevent erroneous memory requests. 

In orderto minimize propagation delay, the 82C03 uses 
an inverting address multiplexer without latches. The 
system must provide adequ ate ad dress setup and hold 
times to guarantee RAS and CAS setup and hold times 
for the RAM. The t^DACparacmeter should be used for 
this system calculation. 

The Bo-B-j inputs are similiar to the address inputs in that 
they are not latched. Bo and B-| should not be changed 

during a memory cycle, since they directly control which 
RAS output is activated. 

The 82C03 uses a two-stage synchronizer for the 
memory request inputs (RD, WR, ALE), and a separate 
two stage synchronizer for the external refresh input 
(REFRQ). As with any synchronizer, there is always a 
finite probability of metastable states inducing system 
errors. The 82C03 synchronizer was designed to have a 
system error rate less than 1 memory cycle every three 
years based on the full operating range of the 82C03. 

A microprocessor system is concerned when the data 
is valid after RD goes low. See Figure 9. In order to 
calculate memory read access times, the dynamic 
RAM's A.C. specifications must be examined, espe- 
cially the RAS-access time (tRAC) ancl tne CAS-access 
time (tQAC)- Most configurations will be CAS-access 
limited; i.e., the data from the RAM will be stable tQQ, 
max (82C03) + tQQ (RAM) after a memory read cycle is 
started. Be sure to add any delays (due to buffers, data 
latches, etc.) to calculate the overall read access time. 

Since the 82C03 normally performs "early-write" cycles, 
the d ata must be stable at RAM data inputs by the time 
. QAS goes active, including the RAM's data setup time. 
If the system does not normally guarantee Sufficient 
write data setup, you must either delay the WR Input 
signal or delay the 82C03 WE output. 

Delaying the WR input will delay all 82 C03 tim ing, 
including the READY handshake signals, SACK and 
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Figure 9. Read Access Time 



XACK, which may increase the number of WAIT states 
generated by the CPU. 

If the WE output is externally delayed beyond the CAS ac- 
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM. This WE transition 
should not occur too late during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 
met. 

The RASrj-3, CAS, OUTq-7> and WE outputs contain on- 
chip series damping resistors (typically 20ft) to minimize 
overshoot. 

Some dynamic RAMs require more than 2.4V V|j_|. 
Noise immunity may be improved for these RAMs by 
adding pull-up resistors to the 82C03's output. Intel 
RAMs do not require pull-up resistors. 



*4 8282 I 



V 



ALo-6 


OUTo-6 


AHo-6 




Bo-1 




(16KMOOE) WE 




CAS 


RD/S1 


RASo 


WR 


RASi 


SACK 


RAS 2 
RAS3 


XACK 



16K DYNAMIC RAM ARRAY 



CAS 
RAS 
DiN DQUT 



CAS 
RAS 

DIN DQUT 



n 



CAS 
RAS 

din dout 



EI 




D|N 

dout 



Figure 10. Typical 8088 System 

6-111 



AFN-02144B 



82C03 



:> 



AD0-AD15 
A16-A19 



MULTIBUS" 

TYPE 
SYSTEM 
BUS 
MRDC 
MWTC 



BHEN 
ADR 0 



»*J ADR! AD16 L 
"~» / | ADRp AD19 \ 



j, PQ-15 K 



Cl 



WR 
PCS 
82C03 

CAS 



ADDR 



l X ACK SACK 



C 



S1C64 
256K 
BYTES 



Figure 11. 80C86/256K Byte System 
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ABSOLUTE MAXIMUM RATINGS' 



Ambient Temperature Under Bias 
Storage Temperature 
Voltage On any Pin 

With Respect to Ground 
Power Dissipation 



.0°C to 70°C 
-65°C to +150°C 

. -0.5V to +7V* 
... .0.2 Watts 



*NOTE: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



D.C. CHARACTERISTICS t a = o°c to 70°C; v C c = s.ov ± 10%; gnd = ov 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


vc 


Input Clamp Voltage 




-1.0 


V 


Iq = -5 mA 


»cc 


Power Supply Current 




25 


mA 




ILI 


Input Leakage Current 




+10 


M 


v ss <v IN <v cc 


vol 


Output Low Voltage 
SACK, XACK 
All Other Outputs 




0.45 
0.45 


V 
V 


lOL = 5 m A 
lOL = 3 mA 


voh 


Output High Voltage 
SACK, XACK 
All Other Outputs 


2.4 
2.6 




V 
V 


Iqh = _1 mA 
Iqh = ~ 1 mA 


V|L 


Input Low Voltage 




0.8 


V 




V|H1 


Input High Voltage 


2.0 


vcc 


V 




V|H2 


Option Voltage 




vcc 


V 


(Note 4) 


C|N 


Input Capacitance 




30 


PF 


F =n 1 MHz 
' VBIAS = 2.5V, V C C = 5V 
T A = 25°C 



NOTES: 

1. For test mode RD & WR must be held at GND. 

2 Except for pin 36 in XTAL mode. 

3 



+ 12 Volt 

±10% 



5.1KS2 



OP2 



Resistor Tolerance: ~ 5% 
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A.C. CHARACTERISTICS 

Tj = 0°C to 70°C; Vcc = 5V ± 10%; GND = 0V 

Measurements made with respect to RASo-RAS3, CAS, WE, OUTo-OUT 6 are at 2.4V and 0.8V. All 
other pins are measured at 1.5V. All times are in nsec. 



Symbol 


Parameter 


Min 


Max 


Notes 


tp 


Clock Period 


33 


54 




*PH 


External Clock High Time 


15 






tPL 


External Clock Low Time— above (>) 20 mHz 


15 






*RC 


Memory Cycle Time 


11tp - 20 


11tp+ 20 


4, 5 


tREF 


Refresh Time (128 cycles) 


273tp 


288tp 




*RP 


RAS Precharge Time 


4tp + 3 






*RSH 


RAS Hold After CAS 


5tp - 30 




3 


*ASR 


Address Setup to RAS 


tp-25 




3 


tRAH 


Address Hold From RAS 


tp-8 




3 


*ASC 


Address Setup to CAS 


tp - 30 




3 


tCAH 


Address Hold from CAS 


5tp - 20 




3 


*CAS 


CAS Pulse Width 


5tp - 10 






tWGS 


WE Setup to CAS 


tp - 40 






*WCH 


WE Hold After CAS , 


5tp - 35 




8 


*RS 


RD, WR", ALE, REFRQ delay from RAS 


3tp 




2, 6 


tMRP 


RD, WR setup to RAS 


-1tp 




5 


tRMS 


REFRQ setup to RD, WR 


2tp 




6 


tRMP 


REFRQ setup to RAS 


2tp 




5 


tpcs 


PCS Setup to RD, WR, ALE 


20 






tAL 


S1 Setup to ALE 


15 






«LA 


S1 Hold from ALE 


30 






*CR 


RD, WR, ALE to RAS Delay 


tp + 30 


2tp + 70 


2 


tec 


RD, WR, ALE to CAS Delay 


3tp + 25 


4tp + 80 


2 


tsc 


CMD Setup to Clock 


15 




1 


*MRS 


RD, WR setup to REFRQ 


5 




2 


tCA 


RD, WR, ALE to SACK Delay 


1tp 


2tp + 47 


2,9 


tcx 


CAS to XACK Delay 


5tp - 25 


5tp + 20 




*cs 


CAl5 to SACK Delay 


5tp - 25 


5tp + 40 


2, 10 


*ACK 


XACK to CAS Setup 


10 






txw 


XACK Pulse Width 


tp - 25 




7 


tCK 


SACK, XACK turn-off Delay 




35 




*KCH 


CMD Inactive Hold after SACK, XACK 


10 






tLL 


REFRQ Pulse Width 


20 






*CHS 


CMD Hold Time 


30 




11 


tRFR 


REFRQ to RAS Delay 




4tp + 100 


6 


tww 


WR to WE Delay 


0 


50 


8 


*AD 


CPU Address Delay 


0 


35 


3 


*COF 


CASTurn-Off Delay 




70 , 




tPCH 


PCS Hold From RD, WR, ALE 


. 30 






tBRH 


Bq, Bj Hold From RAS 


0 






*BS 


Bq, B-| Setup to RD, WR, ALE 


0 
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WAVEFORMS 

Normal Read or Write Cycle 



RD, WR 



„ tCR _J 

^ MAX n 



« tec " ? r f 

* min *iv y 



-*-'COF*H 



Y 



-tcx 
— tcs 



/ 



Advanced Read Mode 
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WAVEFORMS (cont'd) 
Memory Compatibility Timing 



B0-B1 

X 



X 



ALo-ALfc, 
AH0-AH6 



VALID ADDRESS 



CAS 



OUTo-OUT 6 



-*BRH - 



X 



\ 



/ 



X 



Write Cycle Timing 
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WAVEFORMS (cont'd) 

Read or Write Followed By External Refresh 




External Refresh Followed By Read or Write 
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WAVEFORMS (cont'd) 
Clock And System Timing 





table 2. 82C03 Ouptut Loading. 

All specifications are for 
the Test Load unless 
otherwise noted. 



A.C. TESTING LOAD CIRCUIT 



Pin 


Test Load 


SACK, XACK 


Cl * 30 pF 


ODT 0 -ODT 6 


Cl » 160 pF 


RAS0-RAS3 


C L = 60 pF 


WE 


Cl = 224 pF 


CAS 


C L = 320 pF 



NOTES: 

1 . tsc is a reference point only. ALE, RD, WR, and REFRQ inputs 
do not have to be externally synchronized to 82C03 clock 



2. If t R g min and t| 



MRS 



min are met then tQ A , tQ R , and t r .r. are 



l CC £ 



valid, T cs is valid when delayed SACK is generated. 
3 - l ASR- ^AH' ^SC- ^AH, depend upon CPU address remaining 
stable throughout the memory cycle. The address inputs are not 
latched by the 82C03. 

4. For back-to-back refresh cycles, t RC max = 12tp 

5. *rc max 58 valid only if tpMp min is met (READ, WRITE followed 
by REFRESH) or t MRP min is met (REFRESH followed by READ, 
WRITE). 

6. tRpR is valid only if tps min and fRMS min are met - 

7. txw m ' n applies when RD, WR has already gone high. Otherwise 
XACK follows RD, WR. 

8. WE goes high according to tyvcH or tyvw> whichever occurs 
first. 
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ERROR DETECTION AND CORRECTION UNIT 



■ Detects and Corrects All Single Bit 
Errors 

■ Detects All Double Bit and Most 
Multiple Bit Errors 

■ 52 ns Maximum for Detection; 67 ns 
Maximum for Correction (16 Bit 
System) 

■ Syndrome Outputs for Error Logging 

■ 8206-2 Timing Optimized for 8MHz iAPX 
186, 188, 86, 88 and 8207-2 Systems 



■ Separate Input and Output 
Busses— No Timing Strobes Required 

■ Expandable to Handle 80 Bit Memories 

■ Supports Reads With and Without 
Correction, Writes, Partial (Byte) 
Writes, and Read-Modify-Writes 

■ HMOS Technology for Low Power 

■ 68 Pin Leadless JEDEC Package 

■ Single +5V Supply 



The HMOS 8206 Error Detection and Correction Unit is a high-speed device that provides error detection and 
correction for memory systems (static and dynamic) requiring high reliability and performance. Each 8206 
handles 8 or 1 6 data bits and up to 8 check bits. 8206's can be cascaded to provide correction and detection for 
up to 80 bits of data. Other 8206 features include the ability to handle byte writes, memory initialization, and 
error logging. 



m \ DATA IN 

D 'o -is ^ LATCH 

3Z 



/ 



SY0/CB0/PP0, 



2 



/ 



m/s y- 



READ 
PARTIAL PARITY 
GENERATOR 



CHECK BIT/ 
SYNDROME/ 
PARTIAL PARITY 
GENERATOR 



POScm 
NSLq., 



r 



<5t 



SYNDROME 
LATCH 



SYNDROME 
DECODER 
AND 
ERRQR 
DETECTION 



WRITE 
PARTIAL PARITY 
GENERATOR 



7> 



\7 



2 NSLq., 



2 



V ss V cc WZ BM 0 . 



Figure 1. 8206 Block Diagram 
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3 



CBIo. 5 



/ 



READ 
PARTIAL PARITY 
GENERATOR 



/ 8 



Iz. 



CHECK BIT/ 
SYNDROME/ 
PARTIAL PARITY 
GENERATOR 



— N SYNDROME -/N 
LATCH /-V 



SYNDROME 
DECODER 
AND 
ERROR 
DETECTION 



WRITE 
PARTIAL PARITY 
GENERATOR 



TthC^DO/WDIo., 



WZ BM 0 



Figure 2. 8206-2 Block Diagram 



Table 1. 8206 Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


Db-15 


1,68-61, 
59-53 


l 


Data In: These inputs accept a 16 bit data word from RAM for error detection 
and/or correction. 


CBI/SYIq 


5 


l 


Check Bits In/Syndrome In: In a single 8206 system, or in the master in a multi- 


CBI/SYH 


6 


l 


8206 system, these inputs accept the check bits (5 to 8) from the RAM. In a 


CBI/SYI 2 


7 


i 


single 8206 16 bit system, CBI0-5 are used. In slave 8206's these inputs accept 


CBI/SYI3 


8 


l 


the syndrome from the master. 


CBI/SYI4 


' 9 


l 




CBI/SYI5 


10 


l 




CBI/SYI 6 


11 


l 




CBI/SYI 7 


12 


l 




DO/WDIq 


51 


I/O 


Data Out/Write Data In: In a read cycle, data accepted by Dlo-15 appears at 


DO/WDH 


50 


I/O 


these outputs corrected if CRCT is low, or uncorrected if CRCT is high. The BM 


DO/WDI2 


49 


I/O 


inputs* must be high to enable the output buffers during the read cycle. In a 


DO/WDI3 


48 


I/O 


write cycle, data to be written into the RAM is accepted by these inputs for com- 


DO/WDI4 


47 


I/O 


puting the write check bits. In a partial-write cycle, thebyte not to be modified 


DO/WDI5 


46 


I/O 


appears at either DO0-7 if BTAq is high, or DO8-15 if BMf is high, for writing to 


DO/WDI 6 


45 


I/O 


the RAM. When WZ is active, it causes the 8206 to output all zeros at DO0-15, 


DO/WDI7 


44 


I/O 


with the proper write check bits on CBO. 


DO/WDI 8 


42 


I/O 




DO/WDIg 


41 


I/O 




DO/WDI 10 


40 


I/O 




DO/WDI-n 


39 


I/O 




DO/WDI-,2 


38 


I/O 




DO/WDH3 


37 


I/O 




DO/WDI 14 


36 


I/O 




DO/WDI 15 


35 


I/O 
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Table 1. 8206 Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


SYO/CBO/PPOq 
SYO/CBO/PPO-i 
SYO/CBO/PP0 2 
SYO/CBO/PPO3 
SYO/CBO/PPO4 
SYO/CBO/PPO5 
SYO/CBO/PP0 6 
SYO/CBO/PPOy 


23 
24 
25 
27 
28 
29 
30 
31 


OOOOOOOO 


Syndrome Out/Check Bits Out/Partial Parity Out: In a single 8206 system, or 
in the master in a multi-8206 system, the syndrome appears at these outputs 
during a read. During a write, the write check bits appear. In slave 8206 s the 
partial parity bits used by the master appear at these outputs. The syndrome is 
latched (during read-modify-writes) by R/W going low. 


PPI 0 /POS 0 
PPh/POSt 


13 
14 


1 
1 

1 


Partial Parity In/Position: In the master in a multi-8206 system, these inputs 
accept partial parity bits 0 and 1 from the slaves. In a slave 8206 these inputs in- 
form it of its position within the system (1 to 4). Not used in a single 8206 


PPI 2 /NSLo 
PPI 3 /NSL t 


15 
16 


1 
1 

1 


Partial Parity In/Number of Slaves: In the master in a multi-8206 system, these 
inputs accept partial parity bits 2 and 3 from the slaves. In a multi-8206 system 
these inputs are used in slave number 1 to tell it the total number of slaves in the 
system (1 to 4). Not used in other slaves or in a single 8206 system. 


PPI4/CE 


17 


I/O 


Partial Parity In/Correctable Error: In the master in a multi-8206 system this 
pin accepts partial parity bit 4. In slave number 1 only, or in a single 8206 
system, this pin outputs the correctable error flag. CE is latched by R/W going 
low. Not used in other slaves. 


PPI5 
PPI 6 
PPI 7 


18 
19 
20 


1 
1 
1 


Partial Parity In: In the master in a multi-8206 system these pins accept partial 
parity bits 5 to 7. The number of partial parity bits equals the number of check 
bits. Not used in single 8206 systems or in slaves. 


ERROR 


22 


0 


Error: This pin outputs the error flag in asingle 8206 system or in the master of 
a multi-8206 system. It is latched by R/W going low. Not used in slaves. 


CRCT 


52 


1 


Correct: When low this pin causes data correction during a read or read- 
modify-write cycle. When high, it causes error correction to be disabled, 
although error checking is still enabled. 


STB 


2 




Strobe: STB is an input control used to strobe data at the Dl inputs and check- 
bits at the CBI/SYI inputs. The signal is active high to admit the inputs. The 
signals are latched by the high-to-low transition of STB. 


BMq 

BM-, 


CO CM 
CO CO 


1 
1 


Byte Marks: When high, the Data Out pins are enabled for a read cycle. When 
low, the Data Out buffers are tristated for a write cycle. BMq controls DO0-7, 
while BM-j controls DOg-is- m partial (byte) writes, the byte mark input is low 
for the new byte to be written. 


R/W 


21 


1 


Read/Write: When high this pin causes the 8206 to perform detection and 
correction (if CRCT is low). When low, it causes the 8206 to generate check bits. 
On the high-to-low transition the syndrome is latched internally for read- 
modify-write cycles. 


WZ 


34 


1 


Write Zero: When low this input overrides the BMq-1 and R/W inputs to cause 
the 8206 to output all zeros at DO0-15 with the corresponding check bits at 
CBO0-7. Used for memory initialization. 


M/S 


4 


1 


Master/Slave: Input tells the 8206 whether it is a master (high) or a slave (low). 


SEDCU 


3 


1 


Single EDC Unit: Input tells the master whether it is operating as a single 8206 
(low) or as the master in a multi-8206 system (high). Not used in slaves. 


v CC 


60 


1 


Power Supply: +5V 


V SS 


26 


1 


Logic Ground 


Vss 


43 




Output Driver Ground 
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TaWe 2. 8206-2 Pin Description Differences over the 8206. 



Symbol 


Pin 


Type 


Name and Function 


CBIo-s 


5-10 


l 


Check Bits In: In an 8206-2 system, these inputs accept the check bits (5 
to 6) from the RAM. 


$YO/CBOo 
SYO/CB0 1 
SYO/CBO2 
SYO/CBO3 
SYO/CBO4 
SYO/CBO5 


23 
24 
25 
27 
28 
29 


OOOOOO 


Syndrome Out/Check Bits Out: in an 8206-2 system, the syndrome 
appears at these outputs during a read. During a write, the write check 
bits appear. The syndrome is latched (during read-modify-writes) by R/W 
going low. 


CE 


17 


0 


Correctable Error: In an 8206-2 system, this pin outputs the correctable 
error flag. CE is latched by R/W going low. 


WZ 


34 


I 


Write Zero: When low this input overrides the BM 0 _i and R/W inputs to 
( cause the 8206-2 to output all zeros at DO 0 -i5 with the corresponding check i 
• bits at CBO 0 -5. Used for memory initialization. I 


Strap High 


4 


I 


Must be tied High. 


Strap Low 


3 


I 


Must be tied Low. 


N.C. 


11-16 
18-20 


I 


Note: These pins have internal pull-up resistors but if possible should be 
tied high or low. 


N.C. 


30, 31 


0 


Note: These are no connect pins and should be left open. 



FUNCTIONAL DESCRIPTION 

The 8206 Error Detection and Correction Unit 
provides greater memory system reliability through 
its ability to detect and correct memory errors. It is a 
single chip device that can detect and correct all 
single bit errors and detect all double bit and some 
higher multiple bit errors. Some other odd multiple 
bit errors (e.g., 5 bits in error) are interpreted as 
single bit errors, and the CE flag is raised. While 
some even multiple bit errors (e.g., 4 bits in error) are 
interpreted as no error, most are detected as double 
bit errors. This error handling is a function of the 
number of check bits used by the 8206 (see Figure 2) 
and the specific Hamming code used. Errors in 
check bits are not distinguished from errors in a 
word. 

For more information on error correction codes, see 
Intel Application Notes AP-46 and AP-73. 

A single 8206 or 8206-2 handles 8 or 16 bits of data, and 
up to 5 8206's can be cascaded in order to handle data 
paths of 80 bits. For a single 8206 8 bit system, the 
Dls-15, DO/WDIs-15 and BMi inputs are grounded. See 
the Multi-Chip systems section for information on 
24-80 bit systems. 

The 8206 has a "flow through" architecture. It sup- 
ports two kinds of error correction architecture: 1) 
Flow-through, or correct-always; and 2) Parallel, or 
check-only. There are two separate 16-pin busses, 



DATA WORD BITS 


CHECK BITS 


8 


5 


16 


6 


24 


6 


32 


7 


40 


7 


48 


8 


56 


8 


64 


8 


72 


8 


80 


8 



Figure 3. Number of Check Bits Used by 8206 



one to accept data from the RAM (Dl) and the other 
to deliver corrected data to the system bus (DO/ 
WDI). The logic is entirely combinatorial during a 
read cycle. This is in contrast to an architecture with 
only one bus, with bidirectional bus drivers that 
must first read the data and then be turned around to 
output the corrected data. The latter architecture 
typically requires additional hardware (latches 
and/or transceivers) and may be slower in a system , 
due to timing skews of control signals. 
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READ CYCLE 

With the R/W pin high, data is received from the RAM 
outputs into the Dl pins where it is optionally latched 
by the STB signal. Check bits are generated from the 
data bits and compared to the check bits read from 
the RAM into the CBI pins. If an error is detected the 
ERROR flag is activated and the correctable error 
flag (CE) is used to inform the system whether the 
error was correctable or not. With the BM inputs 
high, the word appears corrected at the DO pins if 
the error was correctable, or unmodified if the error 
was uncorrectable. 

If more than one 8206 is being used, then the check 
bits are read by the master. The slaves generate a 
partial parity output (PPO) and pass it to the master. 
The master 8206 then generates and returns the 
syndrome to the slaves (SYO) for correction of the 
data. 

The 8206 may altern atively be used in a "check- 
only" mode with the CRCT pin left high. With the 
correction facility turned off, the propagation delay 
from memory outputs to 8206 outputs is signifi- 
cantly s hortened. In this mode the 8206 issues an 
ERROR flag to the CPU, which can then perform one 
of several options: lengthen the current cycle for 
correction, restart the instruction, perform a diag- 
nostic routine, etc. 

A syndrome word, five to eight bits in length and 
containing all necessary information about the exis- 
tence and location of an error, is made available to 
the system at the SYO0-7 pins; Error logging may be 
accomplished by latching the syndrome and the 
memory address of the word in error. 



WRITE CYCLE 

For a full write, in which an entire word is written to 
memory, the data is written directly to the RAM, 
bypassing the 8206. The same data enters the 8206 
through the WD! pins where check bits are gener- 
ated. The Byte Mark inputs must be low to tristate 
the DO drivers. The check bits, 5 to 8 in number, are 
then written to the RAM through the CBO pins for 
storage along with the data word. In a multi-chip 
system, the master writes the check bits using par- 
tial parity information from the slaves. 

In a partial write, part of the data word is overwritten, 
and part is retained in memory. This is accomplished 
by performing a read-modify-write cycle. The com- 
plete old word is read into the 8206 and corrected, 



with the syndrome internally latched by R/W going 
low. Only that part of the word not to be modified is 
output onto the DO pins, as controlled by the Byte 
Mark inputs. That portion of the word to be overwrit- 
ten is supplied by the system bus; The 8206 then 
calculates check bits for the new word, using the 
byte from the previous read and the new byte from 
the system bus, and writes them to the memory. 



READ-MODIFY-WRITE CYCLES 

Upon detection of an error the 8206 may be used to 
correct the bit in error in memory. This reduces the 
probability of getting multiple-bit errors in sub- 
sequent read cycles. This correction is handled by 
executing read-modify-write cycles. 

The read-modify-write cycle is controlled by the R/W 
input. After (during) the read cycle, the system 
dynami c RAM controller or CPU examines the 8206 
ERROR and CE outputs to determine if a correctable 
error occurred. Ifjt did, the dynamic RAM controller 
or CPU forces R/W low, telling the 8206 to latch the 
generated syndrome and drive the corrected check 
bits onto the CBO outputs. The corrected data is 
available on the DO pins. The DRAM controller then 
writes the corrected data and corresponding check 
bits into memory. ^ 

The 8206 may be used to perform read-mod if y- 
writes in one or two RAM cycles. If it is done in two 
cycles, the 8206 latches are used to hold the data 
and check bits from the read cycle to be used in the 
following write cycle. The Intel 8207 Advanced 
Dynamic RAM controller allows read-modify-write 
cycles in one memory cycle. See the System 
Environment section. 



INITIALIZATION 

A memory system operati ng with ECC req u i res some 
form of initialization at system power-up in order to 
set valid data and check bit information in memory. 
The 8206 supports memory initialization by the write 
zero function. By activating the WZ pin, the 8206 will 
write a data pattern of zeros and the associated 
check bits in the current write cycle. By thus writing 
to all memory at power-up, a controller can set 
memory to valid data and check bits. Massive mem- 
ory failure, as signified by both data and check bits 
all ones or zeros, will be detected as an uncorrecta- 
ble error. 



6-123 



AFN-02009B 



8206/8206-2 



MULTI-CHIP SYSTEMS 

A single 8206 handles 8 or 16 bits of data and 5 or 6 
check bits, respectively. Up to 5 8206's can be cas- 
caded for 80 bit memories with 8 check bits. 

When cascaded, one 8206 operates as a master, and 
all others as slaves. As an example, during a read 
cycle in a 32 bit system with one master and one 
slave, the slave calculates parity on its portion of the 
word — "partial parity" — and presents it to the mas- 
ter through the PPO pins. The master combines the 
partial parity from the slave with the parity it calcu- 
lated from its own portion of the word to generate 



the syndrome. The syndrome is then returned by the 
master to the slave for error correction. In systems 
with more than one slave the above description con- 
tinues to apply, except that the partial parity outputs 
of the slaves must be XOR'd externally. Figure 4 
shows the necessary external logic for multi-chip 
systems. Write and read-mod if y-write cycles are car- 
ried out analogously. See the System Operation sec- 
tion for multi-chip wiring diagrams. 



.There are several pins used to define whether the 
8206 will operate as a master or a slave. Tables 3 and 
4 illustrate how these pins are tied. 



3a. 48 BIT SYSTEM 



MASTER 
PPI 


t 


f 6 



<3 



SLAVE 1 
PPO 




SLAVE 2 
PPO 


> 







3b. 64 BIT SYSTEM 



MASTER 


PPI 















SLAVE 1 
PPO 




SLAVE 2 
PPO 


*XOR / 


[ 


1 





SLAVE 3 
PPO 



3c. 80 BIT SYSTEM 



MASTER 
PPI 



SLAVE 1 




SLAVE 2 


PPO 




PPO 


-< XOR (| 


/ 


i 



SLAVE 3 
PPO 



SLAVE 4 
PPO 



Figure 4. External Logic For Mult-Chip Systems 

6-124 



AFN-Q2009B 



8206/8206-2 



Table 3. Master/Slave Pin Assignments 



Pin No. 


Pin Name 


Master 


Slave 1 


Slave 2 


Slave 3 


Slave 4 


4 


M/S 


+5V 


Gnd 


Gnd 


Gnd 


Gnd 


3 


SEDCU 


+5V 


+5V 


+5V 


+5V 


+5V 


13 


PPIq/POSo 


PPI 


Gnd 


*5V 


Gnd 


+5V 


14 


PPI 1 /POS 1 


PPI 


Gnd 


Gnd 


+5V 


+5V 


15 


PPI 2 /NSLo 


- PPI 


* 


+5V 


+5V 


+5V 


16 


PPI3/NSL1 


PPI 


* 


+5V 


+5V 


+5V 



*See Table 3. 
NOTE: 

Pins 13, 14, 15, 16 have internal pull-up resistors and may be left as N.C. where specified as connecting to +5V. 



Table 4. NSL Pin Assignments for Slave 1 



Number of Slaves 


Pin 


1 


2 


3 


4 


PPI2/NSL0 


Gnd 


+5V 


Gnd 


+5V 


PPI3/NSL-1 


Gnd 


Gnd 


+5V 


+5V 



The timing specifications for multi-chip systems 
must be calculated to take account of the external 
XOR gating in 3, 4, and 5-chip systems. Let tXOR be 
the delay for a single external TTL XOR gate. Then 
the following equations show how to calculate the 
relevant timing parameters for 2-chip (n=0), 3-chip 
(n=1), 4-chip (n=2), and 5-chip (n=2) systems: 

Data-in to corrected data-out (read cycle) = 
TDVSV + TPVSV + TSVQV + ntXOR 

Data-in to error flag (read cycle) = 

TDVSV + TPVEV + ntXOR 

Data-in to correctable error flag (read cycle) = 
TDVSV + TPVSV + TSVCV + ntXOR 

Write data to check-bits valid (full write cycle) = 
TQVQV + TPVSV + ntXOR 

Data-in to check-bits valid (read-mod-write cycle) = 
TDVSV + TPVSV + TSVQV + TQVQV + TPVSV + 
2ntXOR 

Data-in to check-bits valid (non-correcting read- 
modify-write cycle) = 

TDVQU + TQVQV + TPVSV + ntXOR 



HAMMING CODE 

The 8206 uses a modified Hamming code which was 
optimized for multi-chip EDCU systems. The code is 
such that partial parity is computed by all 8206's in 



parallel. No 8206 requires more time for propagation 
through logic levels than any other one, and hence 
no one device becomes a bottleneck in the parity 
operation. However, one or two levels of external 
TTL XOR gates are required in systems with three to 
five chips. The code appears in Table 5. The check 
bits are derived from the table by XORinftor XNOR- 
ing together the bits indicated by 'X's In each row 
corresponding to a check bit. For example, check bit 
0 in the MASTER for data word 1000110101101011 
will be "0." It should be noted that the 8206 will 
detect the gross-error condition of all lows or all 
highs. 

Error correction is accomplished by identifying the 
bad bit and inverting it. Table 5 can also be used as 
an error syndrome table by replacing the 'X's with 
Ts. Each column then represents a different syn- 
drome word, and by locating the column corre- 
sponding to a particular syndrome the bit to be cor- 
rected may be identified. If the syndrome cannot be 
located then the error cannot be corrected. For 
example, if the syndrome word is 00110111, the bit 
to be corrected is bit 5 in the slave one data word (bit 
21). 

The syndrome decoding is also summarized in Tables 6 
and 7 which can be used for error logging. By finding 
the appropriate syndrome word (starting with bit zero, 
the least significant bit), the result is either: 1) no error; 
2) an identified (correctable) single bit error; 3) a 
double bit error; or 4) a multi-bit uncorrectable error. 
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Table 5. Modified Hamming Code Check Bit Generation 



Check bits are generated by XOR'ing (except for the CBO and CB1 data bits, which are XNOR'ed in the Master) the data 
bits in the rows corresponding to the check bits. Note there are 6 check bits in a 1 6-bit system, 7 in a 32-bit system, and 
8 in 48-or-more-bit systems. 



BYTE NUMBER 


0 


1 


OPERATION 


BIT NUMBER 


0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


CHECK 
BITS 


CB0 = 
CB1 = 
CB2 = 
CBS = 
CB4 = 
CB5 = 
CB6 = 
CB7 = 


xx-x-xx- 

X-X--X-X 
- X x - X - X X 
XXXXX - - - 
---XXXXX 


X--X-X-- 

- x - X x - x - 

- - X - x - - X 

xxx 

xxx 

xxxxxxxx 


XNOR 
XNOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 


DATA BITS 


00000000 
0 1 2 3 4 5 6 7 


0 0 111111 
8 9 a 1 2 3 4 5 





16 BIT OR MASTER 



2 


3 


OPERATION 


0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


- X X X - x x - 
xxx - - x- x 

- X X X - X X X 
XX--X-XX 
XX - - XXXX 

- - - XXXXX 


- X X - - X - - 
XX X 

- - X X - - - - 
X - - X X - - - 

- - - - X - X - 

XXX 

XXXXXXXX 


XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 


1 1 1 1 2 2 2 2 
6 7 8 9 0 1 2 3 


22222233 
4 5 6 7 8 9 0 1 





SLAVE #1 



BYTE NUMBER 


4 


5 


6 


7 


8 


9 


OPERATION 


BIT NUMBER 


0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


01234567 


0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


CBO = 
CB1 = 

CHECK CB2 = 
CB3 = 

BITS CB4 = 
CB5 = 
CB6 = 
CB7 = 


xx-x-xx- 
x-x - - X - X 
-xx-x-xx 

XXXXX - - - 
- - - X X X X X 
XXXXXXXX 
XXXXXXXX 


x - - x - x - - 

- X - X x - X - 
--X-X--X 

xxx 

xxx 

X X X X X xxx 


x-x-xx - - 

-XX---XX 

- X X X - X X - 

x-x - -xx- 

- - - X X X X X 
XXXXXXXX 


X - X X - - X - 
X X x - - - x - 

-XX--X-- 
XX - - XX- 

xxx 

xxxxxxxx 

xxxxxxxx 


- X X X - X X - 

- X X X - X X X 
X - - X - X X - 
-XXXX - -X 

- X X - - - X X 
X - X X X X - X 
XX- -XXXX 


- X X - - X - - 

- - X X - - - - 
-XX--X-X 
X x - - X - - - 
X X x - - - x - 

- - - x - - - X 

- - - - X - X - 
xxxxxxxx 


XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 


DATA BITS 


33333333 
23456789 


44444444 
0 1-234567 


44555555 
8 9 0 1 2 3 4 5 


55556666 
6 7 8 9 0 1 2 3 


66666677 
4 5 6 7 8 9 0 1 


77777777 
23456789 





SLAVE #2 



SLAVE #3 



SLAVE #4 
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TSbte 6. 8206 Syndrome Decoding 









0 0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 




Syndrome 


1 o 


0 


1 


1 


0 


0 


1 


1 


0 


0 


1 


1 


0 


0 


1 


1 




Bits 


2 0 


0 


0 


0 


1 


1 


1 


1 


0 


0 


0 


0 


1 


1 


1 


1 


7 




5 4 


3 0 


0 , 


0 


0 


0 


0 


0 


0 


1 


1 


1 


1 


1 


1 


1 


1 


0 


o 


0 0 


N 


CBO 


CB1 


D 


CB2 


D 


D 


18 


CB3 


D 


D 


0 


D 


1 


2 


D 


0 


o 


0 1 


CB4 


0 


D 


5 


D 


6 


7 


D 


D 


3 


16 


D 


4 


D 


D 


17 


0 


0 


1 0 


CB5 


D 


D 


11 


D 


19 


12 


D 


0 


8 


9 


D 


10 


D 


D 


67 


0 


0 


1 1 


D 


13 


14 


D 


15 


D 


D 


21 


20 


D 


D 


66 


0 


22 


23 


D 


0 


1 


0 0 


CB6 


D 


D 


25 


D 


26 


49 


D 


D 


48 


24 


D 


27 


D 


D 


50 


0 


1 


0 1 


D 


52 


55 


D 


51 


D 


D 


70 


28 


D 


D 


65 


D 


53 


54 


D 


0 


1 


1 0 


D 


29 


31 


D 


64 


D 


D 


69 


68 


D 


D 


32 


D 


33 


34 


D 


0 


1 


1 1 


30 


D 


D 


37 


D 


38 


39 


D 


D 


35 


71 


D 


36 


D 


D 


U 




0 


0 0 


CB7 


D 


D 


43 


D 


77 


44 


D 


D 


40 


41 


D 


42 


D 


D 


U 




0 


0 1 


D 


45 


46 


D 


47 


D 


D 


74 


72 


D 


D 


U 


D 


73 


U 


D 




0 


1 0 


D 


59 


" 75 


D 


79 


D 


D 


58 


60 


D 


D 


56 


D 


U 


57 


D 




0 


1 1 


63 


D 


D 


62 


D 


U 


U 


D 


D 


U 


U 


D 


61 


D 


D 


U 




1 


0 0 


D 


U 


U 


D 


U 


D 


D 


U 


76 


D 


D 


U 


D 


U 


U 


D 




1 


0 1 


78 


D 


. D 


U 


D 


U 


U 


D 


D 


U 


U 


D 


U 


D 


D 


U 




1 


1 0 


U 


D 


D 


U 


D 


U 


U 


D 


D 


U 


U 


D 


U 


D 


D 


U 




1 


1 1 


D 


U 


U 


D 


U 


D 


D 


U 


U 


D 


D 


U 


D 


U 


U 


D 



N = No Error 
CBX = Error In Check Bit X 
X= Error in Data Bit X 
D = Double Bit Error 
U = Uncorrectable Multi-Bit Error 



SYSTEM ENVIRONMENT 

The 8206 interface to a typical 32 bit memory system 
is illustrated in Figure 5. For larger systems, the 
partial parity bits from slaves two to four must be 



32 BIT A N 

D bJs\ J 



ERROR 
SIGNALS 



DATA MEMORY 


CHECK BITS 


16 BITS 


7 BITS 


Dl DO 


Dl DO 




7v 



lz Iz. 



DO/WDI Dl SYO/CBO CBI 0 . 6 



8206 
MASTER 



M/S 
SEDCU 



cr +v 



7T 



SYIo. 6 


DO/WDI 


Dl 


PPOo-s 




POS 0 


CRCT 




POS, 


WZ 
STB 


8206 
SLAVE 


NSLo 
NSL 1 


R/W 




M/S 
PPI5-7 






SEDCU 


BM 1 


CE 


SYI 7 



3T> 



Figure 5. 32-Bit 8206 System Interface 
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XOR'ed externally, which calls for one level of XOR 
gating for three 8206's and two levels for four or five 
8206's. 

The 8206 is designed for direct connection to the Intel 
8207 Advanced Dynamic RAM Controller. The 8207 
has the ability to perform dual port memory control, 
and Figure 6 illustrates a highly integrated dual port 



RAM implementation using the 8206 and 8207. The 
8206/8207 combination permits such features as au- 
tomatic scrubbing (correcting errors in memory dur- 
ing refresh), extending RAS and CAS timings for 
Read- Mod ify-Writes in single memory cycles, and 
automatic memory initialization upon reset. To- 
gether these two chips provide a complete dual- 
port, error-corrected dynamic RAM subsystem. 




ACKB 
^| CMD/PEA 
CMD/PEB 



TO 



ess 



-t>°-c 



MUX 
CLK 



8207 
ADRC 



ADDR 
ACKA 



WZ 
PSEN 
CE 
ERROR 
DBM 
R/W 

PSEL 



BYTE 
MARK 
DECODER 





DYNAMIC 




RAM 




32 BITS + 




7 CHECK BITS 


WE 




Dl 


CBI DO/CBO 



77 



5V 



XT 



iZ 



ERROR SYO/DI/CBI 
R/W CB0 

STB PP« 
8206 

I — 0 CRCT MASTER 



c 



BM DO/WDI 



5 



v v 



CE 


SYI 


Dl 


R/W 






PPO 




STB 


CRCT 


8206 
SLAVE 




WZ 






BM 


DO/WDI 



5 



->>- 



J I i " 



Figure 6. Dual Port RAM Subsystem with 8206/8207 (32-bit bus) 
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Table 7. 8206-2 Syndrome Decoding 



Syndrome 


o 


0 


1 


0 


1 


0 


1 


0 


1 


Bits 


1 


0 


0 


1 


1 


0 


0 


1 


1 


5 4 3 


2 


0 


0 


0 


0 


1 


1 


1 


1 


0 0 0 




N 


CBO 


CB1 


D 


CB2 


D 


D 


D 


0 0 1 




CB3 


D 


D 


0 


D 


1 


2 


D 


0 1 0 




CB4 


D 


D 


5 


D 


6 


7 


D 


0 1 1 




D 


3 


D 


D 


4 


D 


D 


D 


1 0 0 




CB5 


D 


D 


11 


D 


D 


12 


D 


1 0 1 




D 


8 


9 


D 


10 


D 


D 


D 


1 1 0 




D 


13 


14 


D 


15 


D 


D 


D 


1 1 1 




D 


D 


D 


D 


D 


D 


D 


D 



N = Mo Error 
CBX = Error in Check Bit X 
X = Error in Data Bit X 
D = Double Bit Error 



The 8206-2 handles 8 or 16 bits of data. For 8 bit 

8206- 2 systems, the Dl 8 . 15l DO/WDI 8 . 15 and BM-| in- 
puts are grounded. 

The 8206-2 is designed for direct connection to the 
Intel 8207-2 Advanced Dynamic RAM Controller. The 

8207- 2 has the ability to perform dual port memory 
control, and Figure 7 illustrates a highly integrated 
iAPX 186 RAM implementation using the 8206-2 and 
8207-2. The 8208-2/8207-2 combination permits such 
features as automatic scrubbing (correcting errors in 
memory during refresh), extending RAS and CAS tim- 
ings for Read-Mod if y-Writes in single memory cycles, 
and automatic memory initialization upon reset. 
Together these two chips provide a complete dual-port, 
error-corrected dynamic RAM subsystems. 



OTHER 55R 
INPUTS 



ARDY CLK 
S2 
SI 
SO 

80186 



ADDR/ 
DATA 
DT/R PER 



*N 8283 J3 

^ rv^ LATCH — , 





74LS138 














=> 




DATA 


CHECK BIT 


MEMORY 




MEMORY 


16 BITS 




6 BITS 




WE Dl DO 




WE Dl DO 



> 8287 <; 



ERROR DI 0 . 1S stu/ 
CBOo-s 

CE 

R/tf 8206-2 

BT^ 6Ml do/wdi, 

-"7V 



wz 



CRCT 
STB 




Figure 7. iAPX 186 RAM Correct Always Subsystem with the 8206-2 and the 8207-2 
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MEMORY BOARD TESTING 

The 8206 lends itself to straightforward memory 
board testing with a minimum of hardware over- 
head. The following is a description of four common 
test modes and their implementation. 

Mode 0 — Read and write with error correction. 

Implementation : This mode is the normal 
8206 operating mode. 

Mode 1 — Read and write data with error correction 
disabled to allow test of data memory. 
Impl ement ation: This mode is performed 
with CRCT deactivated. 

Mode 2-— Read and write check bits with error cor- 
rection disabled to allow test of check bits 
memory. 

Implementation : Any pattern may be writ- 
ten into the check bits memory by judi- 



ciously choosing the proper data word to 
generate the desired check bits, through 
the use of the 8206 Hamming code. To 
read out the check bits it is first necessary 
to fill the data memory with all zeros, 
which may be done by activating WZ and 
incrementing memory addresses with WE 
to the check bits memory held inactive, 
and then performing ordinary reads. The 
check bits will then appear directly at the 
SYO outputs, with bits CB0 and CB1 
inverted. 

Mode 3 — Write data, without altering or writing 
check bits, to allow the storage of bit 
combinations to cause error correction 
and detection. 

Implementation: This mode is im- 
plemented by writing the desired word to 
memory with WE to the check bits array 
held inactive. 
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NOTE: 

The 8206 and 8206-2 is packaged in a 68 pin JEDEC TYPE A hermetic chip carrier 



Figure 8. 8206 and 8206-2 Pinout Diagram 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°C to 70°C 

Storage Tern peratu re - 65°C to + 1 50°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1.5 Watts 



*NOTE: Sttesses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



P.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 5.ov ± 10%, v ss = gnd) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 

H ,, 


'cc 


Power Supply Current 
—Single 8206, 8206-2 or 

Slave #1 
—Master in Multi-Chip 

or Slaves #2, 3, 4 




270 
230 


mA 
mA 




V 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 1 


Input High Voltage 


2.0 


Vcc+ 

0.5V 


V 




Vol 


Output Low Voltage 
—DO 

—All Others 




0.45 
0.45 


V 
V 


lOL = 8mA 
lOL = 2.0mA 


Voh 


Output High Voltage 

—DO, CBO 

—All Other Outputs 


2.6 
2.4 




V 
V 


lOH = -2mA 
Iqh = -0.4mA 




I/O Leakage Current 
— PPI4/CE 
— DO/WDI0-15 




± 20 
± 10 


/LtA 
/LtA 


0.45V *sV|/o ^V CC 




Input Leakage Current 

— PPIq-3, 5-7,CBI 6 _ 7i SEDCU 2 

—All Other Input Only Pins 




±20 
± 10 


/LtA 
/LtA 


OVssVjn ^V C c 



NOTES: 



1 . SEDCU (pin 3) and M/S (pin 4) are device strapping options and should be tied to Vcc or ® ND. V| H min = V C c -0.5V and V| L max = 0.5V. 

2. PPI0-7 (pins 13-20) and CBI 6 . 7 (pins 11,12) have internal pull-up resistors and if left unconnected will be pulled to Vcc- 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



^> TEST POINTS <^ 



A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1 
AND 0 8V FOR A LOGIC 0 



DEVICE 
UNDER 
TEST 



i 



C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



READ 



•7T 



"N 



i i 



FT 



i i 



> 



J r 



■ TDXQX - 



XI 
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[Pl^ilLDIMlOM^Y 



WAVEFORMS (Continued) 



READ— MASTER/SLAVE 



BM 



PPO (SLAVE) 
PPI (MASTER) 



DO (MASTER) ■ 



SYO (MASTER) - 



SYI (SLAVE) ■ 



h—t — ! 


1 1 ! 


1 1 h ^ 

1 ' TBHQV | 

^ 1 


! ' 


——<} 1 1 VALID 


\ ! — 


— I 

U-— — TRVSVJ 

— — ! TDVS V -1 J 


T ' i 

\+ TDXQX | 






1 1 

1 . U TPVQV 


M 1 1 




Lf—TPVSV 




"1 



L*-TSVQV-»J 



i i 



yy/////////4 \ 



X 



- y/////////////A 



X 
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G^IUIMOIMIW 



WAVEFORMS (Continued) 



FULL WRITE 



• TBLQZ 

h* H 



DO/WDI DATA OUT 



U 



A 



WRITE DATA IN 



> 



x 



FULL WRITE — MASTER/SLAVE 



i 



I I 



DO/WDI DATA OUT 



PPO (SLAVE) " 
PPI (MASTER) _ 



A 



WRITE DATA IN 



I 



i i 

H 

TQXQXI 



X 



X 
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WAVEFORMS (Continued) 



READ MODIFY WRITE 



R/W 



A 



-TRVSV *\ 



X 



X 



CBI i 



> 



1 ' I 

^ |— ►] U—TRLSX 

I I 



TQXQX — *j H 

zz>c 
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WAVEFORMS (Continued) 



READ MODIFY WRITE— MASTER/SLAVE 



A 



\+ TBHQV M 



X 



Y~ TIVSL -*\ 

-4- 



I 
I 

i ! i 



T~1 — r 

r 



i i 
1 i ) 

- TRVSV *| j TSVRL — »f««-TRVSV ~H 
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WAVEFORMS (Continued) 



NON-CORRECTING READ 



Jf 



I 

|^—TTVQV~*-| 



> 



UNCORRECTED <<, CORRECTED 



UNCORRECTED ^>y^ — - 



WRITE ZERO 
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A.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = +5V ± 10%, v S s = ov, r l = 22a c L = 5p pF; 

all times are in nsep.) 



Symbol 


Parameter 


8206 


8206-2 


Notes 


Min. 


Max. 


Min. 


Max. 


TRHEV 


ERROR Valid from R/Wf 




25 




40 




TRHCV 


CE Valid from R/Wf (Single 8206) 




44 




49 




TRHQV 


Corrected Data Valid from R/W| 




54 




66 


1 


TRVSV 


SYO/CBO/PPO Valid from R/W 




42 




46 


, 1 


TDVEV 


ERROR Valid from Data/Check Bits In 




52 




57 




TDVCV 


CE Valid from Data/Check Bits In 




70 




76 




TDVQV 


Corrected Data Valid from Data/Check Bits In 




67 




74 




TDVSV 


SYO/PPO Valid from Data/Check Bits In 




55 




65 




TBHQV 


Corrected Data Access Time 




37 




37 




TDXQX 


Hold Time from Data/check Bits In 


o 




0 




1 


TBLQZ 


Corrected Data Float Delay 


o 


28 


o 


28 


1 


TSHIV 


STB High to Data/Check Bits In Valid 


30 




30 




2 


TIVSL 


Data/Check Bits In to SJBl Set-up 


5 




5 






TSLIX 


Data/Check Bits In from STBj Hold 


25 




25 






TPVEV 


ERROR Valid from Partial Parity In 




30 






3 


TPVQV 


Corrected Data (Master) from Partial Parity In 




61 






1,3 


TPVSV 


Syndrome/Check Bits Out from Partial Parity In 




43 






•1,3 


TSVQV 


Corrected Data (Slave) Valid from Syndrome 




51 






3 


TSVCV 


CE Valid from Syndrome (Slave number 1) 




48 






3 


TQVQV 


Check Bits/Partial Parity Out from Write Data In 




64 




69 


1 


TRHSX 


Check Bits/Partial Parity Out from R/W, WZ Hold 


0~. 




0 




1 


TRLSX 


Syndrome Out from R/W~Hold 


0 




0 






TQXQX 


Hold Time from Write Data In 


0 




0 




1 


TSVRL 


Syndrome Out to R/W| Set-up 


17 








3 


TDVRL 


Data/Check Bits In to R/W Set-up 


39 




41 




1 


TDVQU 


Uncorrected Data Out from Data In 




32 




38 




TTVQV 


Corrected Data Out from CRCTj 




30 




33 




TWLQL 


WZj to Zero Out 




30 




34 




TWHQX 


Zero Out from WZf Hold 


0 




0 







NOTES: 

1. A.C. Test Levels for CBO and DO are 2.4V and 0.8V. 

2. Tshiv is required to guarantee output delay timings: Tqvev> t dvcv>Tdvqv,Tdvsv- Tshiv + t ivsl guarantees a min STB pulse 
width of 35 ns (45 ns for the 8206-8). 

3. Not required for 8/16 bit systems 
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16 BIT ERROR DETECTION AND CORRECTION UNIT 



Detects and Corrects All Single Bit 
Errors 

Detects All Double Bit and Most 
Multiple Bit Errors 

Timing Optimized for 8 MHz iAPX 186, 
188, 86, 88 and 8207-2 Systems 

Syndrome Outputs for Error Logging 



■ Separate Input and Output Busses — No 
Timing Strobes Required 

■ Supports Reads With and Without 
Correction, Writes, Partial (Byte) 
Writes, and Read-Modify-Writes 

■ HMOS Technology for Low Power 

■ 68 Pin Leadless JEDEC Package 

■ Single +5V Supply 



The HMOS 8206 Error Detection and Correction Unit is a high-speed device that provides error detection and 
correction for memory systems (static and dynamic) requiring high reliability and performance. Each 8206-2 
handles 8 or 16 data bits and up to 6 check bits. Other 8206-2 features include the ability to handle byte writes, 
memory initialization, and error logging. 



3 



syo/cboq. $ f / 6 



READ 
PARTIAL PARITY 
GENERATOR 



r 



CHECK BIT/ 
SYNDROME/ 
PARTIAL PARITY 
GENERATOR 



-N SYNDROME 
LATCH 



SYNDROME 
DECODER 
AND 
ERROR 
DETECTION 



WRITE 
PARTIAL PARITY 
GENERATOR 



12. 



GNU +5V 

J 1 



V ss V CC WZ BM 0 -i 



Figure 1. 8206 Block Diagram 
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Table 1. Pin Description 



Symbol 


Pin 


Type 


Name and Function 


Dlo-15 N 


1, 68-61, 
59-53 


I 


Data In: These inputs accept a 16 bit data word from RAM for error 
detection and/or correction. 


CBI 0 
CBh 
CBI 2 
CBI 3 
CBI4 
CBI5 


5 
6 
7 
8 
9 
10 


I 
I 
I 
I 
I 
I 


Check Bits In: In an 8206-2 system, these inputs accept the check bits (5 
to 6) from the RAM. 


DO/WDIq 
DO/WDh 
DO/WDI2 
no/wnu 

\-i\JI vv L/13 

DO/WDI4 
DO/WDI5 

DO/WDI 6 
DO/WDI7 
DO/WDI 8 
DO/WDIg 
DO/WDh 0 
DO/WDh 1 
DO/WDh 2 
DO/WDh 3 
DO/WDh 4 
DO/WDh 5 


51 
50 
49 
48 
47 
46 
45 
44 
42 
41 
40 
39 
38 
37 
36 
35 


I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 


Data Out/Write Data In: In a read cycle, data accepted by DIq_-| 5 appears 
at these outputs corrected if CRCT is low, or uncorrected if CRCT is high. 
The BM inputs must be high to enable the output buffers during the read 

pv/pIp In a writp px/pIp Hfltst tn Hp writtpn into thp RAM iq sipppntpri hv/ 
, i/yvsic 111 a wine uywic, uaia iu uc wiiuoii iiiivs uic ris^ivi 10 uvV/cpiuvj uy 

these inputs for computing the write check bits. In a partial-write cycle, 
the byte notto be modified appears at either DO0-7 if BMp is high, or 
DO8-15 if BM1 is high, for writing to the RAM. When WZ is active, it 
causes the 8206 to output all zeros at DO0-15, with the proper write 
check bits on CBO. 


SYO/CBOo 
SYO/CBO-i 
SYO/CBO2 
SYO/CBO3 
SYO/CBO4 
SYO/CBO5 


23 
24 
25 
27 
28 
29 


OOOOOO 


Syndrome Out/ Check Bits Out: In an 8206-2 system, the syndrome 
appears at these outputs during a read. During a write, the write check 
bits appear. The syndrome is latched (during read-modify-writes) by R/W 
going low. 


CE 


17 


0 


Correctable Error: In an 8206-2_system, this pin outputs the correctable 
error flag. CE is latched by R/W going low. 


ERROR 


22 


0 


Error: This pin outputs the error flag in an 8206-2 system. It is latched by 
R/W going low. 


CRCT 


52 


1 


Correct: When low this pin causes data correction during a read or 
read-modify-write cycle. When high, it causes error correction to be 
disabled, although error checking is still enabled. 


STB 


2 


. 1 


Strobe: STB is an input control used to strobe data at the Dl inputs and 
check-bits at the CBI/SYI inputs. The signal is active high to admit the 
inputs. The signals are latched by the high-to-low transition of STB. 


BM 0 
BM-, 


33 
32 


1 
I 


Byte Marks: When high, the Data Out pins are enabled for a read cycle. 
When low, the Data Out buffers are tristated for a write cycle. BMo 
controls DO0-7, while BM1 controls DO8-15. In partial (byte) writes, the 
byte mark input is low for the new byte to be written. 


R/W 


21 


1 


Read/Write: When high this pin causes the 8206-2 to perform detection 
and correction (if CRCT is low). When low, it causes the 8206-2 to 
generate check bits. On the high-to-low transition the syndrome is 
latched internally for read-modify-write cycles. 


WZ 


34 


1 


Write Zero: When low this input overrides the BM0-1 and R/W inputs to 
cause the 8206 to output all zeros at DO0-15 with the corresponding 
check bits at CBOo-5- Used for memory initialization. \ 


Strap High 


4 


1 


Must be tied High. 


Strap Low 


3 


1 


Must be tied Low. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin 


Typs 


Name and Function 


N.C. 


11-16 
18-20 


i 


Note: These pins have internal pull-up resistors but if possible should be 
tied high or low. 


N.C. 


30, 31 


0 


Note: These are no connect pins and should be left open. 


Vcc 


60 


I 


Power Supply: +5V 


Vss 


26 


I 


Logic Ground 


v S s 


43 


I 


Output Driver Ground 



FUNCTIONAL DESCRIPTION 

The 8206-2 16 Bit Error Detection and Correction 
Unit provides greater memory system reliability 
through its ability to detect and correct memory er- 
rors. It is a single chip device that can detect and 
correct all single bit errors and detect all double bit 
and some higher multiple bit errors. Some other odd 
multiple bit errors (e.g., 5 bits in error) are interpreted 
as single bit errors, and the CE flag is raised. While 
some even multiple bit errors (e.g., 4 bits in error) are 
interpreted as no error, most are detected as double 
bit errors. Errors in check bits are not distinguished 
from errors in a word. 

For more information on error correction codes, see 
Intel Application Notes AP-46 and AP-73. 

The 8206-2 has a "flow through" architecture. It sup- 
ports two kinds of error correction architecture: 1) 
Flow-through, or correct-always; and 2) Parallel, or 
check-only. There are two separate 16-pin busses, 
one to accept data from the RAM (Dl) and the other to 
deliver corrected data to the system bus (DO/WDI). 
The logic is entirely combinatorial during a read 1 
cycle. This is in contrast to an architecture with only 
one bus, with bidirectional bus drivers that must first 
read the data and then be turned around to output 
the corrected data. The latter architecture typically 
requires additional hardware (latches and/or trans- 
ceivers) and may be slower in a system due to timing 
skews of control signals. 

READ CYCLE 

With the R/W pin high, data is received from the RAM 
outputs into the Dl pins where it is optionally latched 
by the STB signal. Check bits are generated from the 
data bits and compared to the check bits read from 
the RAM into the CBI pins. If an error is detected the 
ERROR flag is activated and the correctable error 
flag (CE) is used to inform the system whether the 
error was correctable or not. With the BM inputs 



high, the word appears corrected at the DO pins if the 
error was correctable, or unmodified if the error was 
uncorrectable. 

The 8206-2 may alter nativel y be used in a "check- , 
only" mode with the CRCT pin left high. With the 
correction facility turned off, the propagation delay 
from memory outputs to 8206-2 outputs is signifi- 
cantly s hortened. In this mode the 8206-2 issues an 
ERROR flag to the CPU, which can then perform one 
of several options: lengthen the current cycle for 
correction, restart the instruction, perform a diag- 
nostic routine, etc. 

A syndrome word, five to six bits in length and con- 
taining all necessary information about the existence 
and location of an error, is made available to the 
system at the SYO0-5 pins. Error logging may be 
accomplished by latching the syndrome and the 
memory address of the word in error. 

WRITE CYCLE 

For a full write, in which an entire word is written to 
memory, the data is written directly to the RAM, 
bypassing the 8206-2. The same data enters the 
8206-2 through the WDI pins where check bits are 
generated. The Byte Mark inputs must be low to 
tristate the DO drivers. The check bits, 5 to 6 in 
number, are then written to the RAM through the 
CBO pins for storage along with the data word. 

In a partial write, part of the data word is overwritten, 
and part is retained in memory. This is accomplished 
by performing a read-mod if y-write cycle. The com- 
plete old word is read into the 8206-2 and corrected, 
with the syndrome internally latched by R/W going 
low. Only that part of the word not to be modified is 
output onto the DO pins, as controlled by the Byte 
Mark inputs. That portion of the word to be overwrit- 
ten is supplied by the system bus. The 8206-2 then 
calculates check bits for the new word, using the 
byte from the previous read and the new byte from 
the-system bus, and writes them to the memory. 
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READ-MODI F Y-WRITE CYCLES 

Upon detection of an error the 8206-2 may be used to 
correct the bit in error in memory. This reduces the 
probability of getting multiple-bit errors in subse- 
quent read cycles. This correction is handled by ex- 
ecuting read-mod if y-write cycles. 

The read-mod if y-write cycle is controlled by the R/W 
input. After (during) the read cycle, the system 
dynamic RAM controller or CPU examines the 8206-2 
ERROR and CE outputs to determine if a correctable 
errdr occurred. Ifjt did, the dynamic RAM controller 
or CPU forces R/W low, telling the 8206-2 to latch the 
generated syndrome and drive the corrected check 
bits onto the CBO outputs. The corrected data is 
available on the DO pins. The DRAM controller then 
writes the corrected data and corresponding check 
bits into memory. 

The 8206-2 may be used to perform read-mod if y- 
writes in one or two RAM cycles. If it is done in two 
cycfes, the 8206-2 latches are used to hold the data 
and check bits from the read cycle to be used in the 
following write cycle. The Intel 8207-2 Advanced 
Dynamic RAM controller allows read-mod if y-write 
cycles in one memory cycle. See the System Environ- 
ment section. 



INITIALIZATION 

A memory system operating with ECC requires some 
form of initialization at system power-up in order to 
set valid data and check bit information in memory. 
The 8206-2 supports memory initialization by the 
Write Zero function. By activating the WZ pin, the 



8206-2 will write a data pattern of zeros and the 
associated check bits in the current write cycle. By 
thus writing to all memory at power-up, a controller 
can set memory to valid data and check bits. Massive 
memory failure, as signified by both data and check 
bits all ones or zeros, will be detected as an un- 
correctable error. 



HAMMING CODE 

The 8206-2 uses a modified Hamming code. The 
code appears in Table 2. The check bits are derived 
from the table by XORing or XNORing together the 
bits indicated by X's in each row corresponding to a 
check bit. For example, check bit 0 for data word 
1000110101101011 will be "0." It should be noted 
that the 8206-2 will detect the gross-error condition 
of all lows or all highs. 

Error correction is accomplished by identifying the 
bad bit and inverting it. Table 2 can also be used as an 
error syndrome table by replacing the 'X's with Ts. 
Each column then represents a different syndrome 
word, and by locating the column corresponding to a 
particular syndrome the bit to be corrected may be 
identified. If the syndrome cannot be located then 
the error cannot be corrected. For example, if the 
syndrome word is 1 01 1 00 the bit to be corrected is bit 
10 in the slave one data word. 

The syndrome decoding is also summarized in Table 
3 which can be used for error logging. By finding the 
appropriate syndrome word (starting with bit zero, 
the least significant bit), the result is either; 1) no 
error; 2) an identified (correctable) single bit error; or 
3) a double bit error. 



Table 2. Modified Hamming Code Check Bit Generation 

Check bits are generated by XOR'ing (except for the CBO and CB1 data bits, which are XNOR'ed) the data bits in 
the rows corresponding to the check bits. Note there are 5 check bits in an 8-bit system and 6 check bits in a 
16-bit system. 



BYTE NUMBER 


0 


1 


OPERATION 


BIT NUMBER 


0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


CHECK 
BITS 


CBO - 
CB1 = 
CB2 = 
CB3 = 
CB4 = 
CB5 = 


X X - X - X X - 
X - X - - X - X 
X X - X - X X 
X X X X X 

X X X X X 


x - - X - x - - 
X - X X - X - 
X - X - - X 

- -XXX 
XXXXXXXX 


XNOR 
XNOR 
XOR 
XOR 
XOR 
XOR 


DATA BITS 


00000000 
0 1 2 3 4 5 6 7 


0 0 111111 
8 9 0 1 2 3 4 5 
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Table 7. 8206-2 Syndrome Decoding 



Syndrome 


0 


0 


1 


0 


1 


0 


1 


0 


1 


Rite 


1 


A 
V 


A 
U 


l 


i 

1 


A 
U 


A 
U 


i 


1 


5 4 3 


2 


0 


0 


0 


0 


1 


1 


1 


1 


0 0 0 




N 


CBO 


CB1 


D 


CB2 


D 


D 


D 


0 0 1 




CB3 


D 


D 


0 


D 


1 


2 


D 


0 1 0 




CB4 


D 


D 


5 


D 


6 


7 


D 


0 1 1 




D 


3 


D 


D 


4 


D 


D 


D 


1 o-o 




CB5 


D 


D 


11 


D 


D 


12 


D 


1 0 1 




D 


8 


9 


D 


10 


D 


D 


D 


1 1 0 




D 


13 


14 


D 


15 


D 


D 


D 


1 1 1 




D 


D 


D 


D 


D 


D 


D 


D 



N = No Error 
CBX = Error in Check Bit X 
X = Error in Data Bit X 
D = Double Bit Error 



The 8206-2 handles 8 or 16 bits of data. For 8 bit 

8206- 2 systems, the Dl 8 . 15 , DO/WDI 8 . 15 and BM 1 in- 
puts are grounded. 

The 8206-2 is designed for direct connection to the 
Intel 8207-2 Advanced Dynamic RAM Controller. The 

8207- 2 has the ability to perform dual port memory 
control, and Figure 7 illustrates a highly integrated 
iAPX 186 RAM implementation using the 8206-2 and 
8207-2. The 8206-2/8207-2 combination permits such 
features as automatic scrubbing (correcting errors in 
memory during refresh), extending RAS and CAS tim- 
ings for Read-Modify-Writes in single memory cycles, 
and automatic memory initialization upon reset. 
Together these two chips provide a complete dual-port, 
error-corrected dynamic RAM subsystems. 
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MEMORY BOARD TESTING 

The 8206-2 lends itself to straightforward memory 
board testing with a minimum of hardware overhead. 
The following is a description of four common test 
modes and their implementation. 



Mode 0 — Read and write with error correction. 

Implementation: This mode is the normal 
8206-2 operating mode. 



Mode 1 — Read and write data with error correction 
disabled to allow test of data memory. 
Impl ementa tion: This mode is performed 
with CRCT deactivated. 



Mode 2 — Read and write check bits with error cor- 
rection disabled to allow test of check bits 
memory. 



Implementation: Any pattern may be writ- 
ten into the check bits memory by judi- 
ciously choosing the proper data word to 
generate the desired check bits, through 
the use of the 8206-2 Hamming code. To 
read out the check bits it is first necessary 
to fill the data memory with all zeros, which 
may be done by activating WZ a nd in- 
crementing memory addresses with WE to 
the check bits memory held inactive, and 
then performing ordinary reads. The check 
bits will then appear directly at the SYO 
outputs, with bits CBO and CB1 inverted. 

Mode 3 — Write data, without altering or writing 
check bits, to allow the storage of bit com- 
binations to cause error correction and 
detection. 

Implementation: This mode is imple- 
mented by w ritin g the desired word to 
memory with WE to the check bits array 
held inactive. 



JNUUUUUUUUUUUUUUUI 



r 
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□ 
□ 

□ 

□ 
□ 



□ 

m 



rz 
c 
cz 
rz 



c 
rz 



rz 
rz 



CRCT 

□ 
□ 

3 

□ 

Vcc □ 

r □ 
□ 
□ 
□ 
□ 
□ 



Ms 
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c 
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c 
c 
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rz 
rz 
rz 
c 
rz 
c 
c 
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PIN NO. 1 MARK 



PIN NO. 
MARK 



x mnnnnnnnnnnnnn nn 

6V. sffSfcL !J 1 



WZ 
BMO 
IMI 

N.C. 
N.C. 

-|SY0 5 

JSY0 3 

Vss 

-|SY0 2 
J SYO 0 
ERROR 
R/W 

N.C. 



NOTE: 

8206-2 is packaged in a 68 pin JEDEC TYPE A hermetic chip carrier. 



Figure 3. 8206 Pinout Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70° C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 2.5 Watts 



*NOTE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS t a = o°c to 70°c, v C c = s.ov ± 10%, v S s = gnd) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


'cc 


Power Supply Current 




270 


mA 




V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage, 


2.0 


VfJC + 
0.5V 


V 




Vol 


Output Low Voltage 
—DO 

—All Other Outputs 




0.45 
0.45 


V 
V 


Iql = 8 ™ A 
Iql = 2.0mA 


V 0 H 


Output High Voltage 

—DO, CBO 

—All Other Outputs 


2.6 
2.4 




V 
V 


l 0 H = -2mA 
lOH = -0.4mA 


lLO 


I/O Leakage Current 
— CE 

— DO/WDIo-15 




±20 
±10 


/jlA 


0.45V ^ V|/ 0 ^ V C C 


«LI 


Input Leakage Current 




±10 


/xA 


0V =s V| N =s V C C 



A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 




^> TEST POINTS <^ 




AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC "1" AND 0 45V FOR 
A LOGIC "0" TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC "1 " 
AND 0 8V FOR A LOGIC "0" 



DEVICE 
UNDER 
TEST 



C L INCLUDES . 
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A.C. CHARACTERISTICS (T A = 0°C to 70°C, V C c = +5V ± 10%, V S s = OV, R L = 22ft C L = 50pF; 
all times are in nsec.) 



Symbol 


Parameter 


8206-2 


Notes 


Mln. 


Max. 


TRHEV 


ERROR Valid from R/Wf 




40 




TRHCV 


CE Valid from R/Wt 




49 




TRHQV 


Corrected Data Valid from R/Wf 




66 


1 


TRVSV 


SYO/CBO Valid from R/W 




46 


1 


TDVEV 


ERROR Valid from Data/Check Bits In 




57 




TDVCV 


CE Valid from Data/Check Bits In 




76 




TDVQV 


Corrected Data Valid from Data/Check Bits In 




74 




TDVSV 


SYO Valid from Data/Check Bits In 




65 




TBHQV 


Corrected Data Access Time 




37 




TDXQX 


Hold Time from Data/Check Bits In 


0 




1 


TBLQZ 


Corrected Data Float Delay 


0 


28 


1 


TSHIV 


STB High to Data/Check Bits In Valid 


30 




2 


TIVSL 


Data/Check Bits In to STBj Set-up 


5 






TSLIX 


Data/Check Bits In from STBJ, Hold 


25 






TQVQV 


Check Bits Out from Write Data In 




69 


1 


TRHSX 


Check Bits Out from R/\N, WZ Hold 


0 




1 


TRLSX 


Syndrome Out from R/W Hold 


0 






TQXQX 


Hold Time from Write Data In 


0 




1 


TDVRL 


Data/Check Bits In to R/W Set-up 


41 




1 


TDVQU 


Uncorrected Data Out from Data In 




38 




TTVQV 


Corrected Data Out from CRCTj 




33 




TWLQL 


WZj to Zero Out 




34 




TWHQX 


Zero Out from WZ| Hold 


0 







NOTES: 

1. A.C. Test Levels for CBO and DO are 2.4V and 0.8V 

2- Tshiv is required to guarantee output delay timings: Tdvev. Tqvcv. Tqvqv. Tqvsv- Tshiv + Tivsl guarantees a min STB pulse 
width of 35 ns. 
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WAVEFORMS (Continued) 



READ MODIFY WRITE 



■1 



h 



I I 



BM I 



X 



01 — f 

CBI 



I 



TRVSV- 



+\ |— ►] U— TRLSX 



5lC 



I i TRHSX { 



Itblqz *1 



> 



"XI 



/ 
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WAVEFORMS (Continued) 
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8207 

ADVANCED DYNAMIC RAM CONTROLLER 



Provides All Signals Necessary to 
Control 16K (2118), 64K (2164A) and 
256K Dynamic RAMs 

Directly Addresses and Drives up to 2 
Megabytes without External Drivers 

Supports Single and Dual-Port 
Configurations 

Automatic RAM Initialization in All 
Modes 

Four Programmable Refresh Modes 

Transparent Memory Scrubbing in 
ECC Mode 



■ Supports Intel iAPX 86, 88, 186, 188, and 
286 Microprocessors 

■ Data Transfer and Advance Acknowledge 
Signals for Each Port 

■ Provides Signals to Directly Control the 
8206 Error Detection and Correction Unit 

■ Supports Synchronous or 
Asynchronous Operation on Either Port 

■ +5 Volt Only HMOSII Technology for 
High Performance and Low Power 



The Intel 8207 Advanced Dynamic RAM Controller (ADRC) is a high-performance, systems-oriented, Dynamic 
RAM controller that is designed to easily interface 16K, 64K and 256K Dynamic RAMs to Intel and other 
microprocessor systems. A dual-port interface allows two different busses to independently access memory. When 
configured with an 8206 Error Detection and Correction Unit the 8207 supplies the necessary logic for designing 
large error-corrected memory arrays. This combination provides automatic memory initialization and transparent 
memory error scrubbing. 
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Figure 1. 8207 Block Diagram 
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Table 1 . Pin description 



Cinnhnl 


Pin 


Type 


Name and Function 


LEN 


1 


0 


ADDRESS LATCH ENABLE: In two-port configurations, when Port A is running with iAPX 286 Status 
interface mode, this output replaces the ALE signal from the system bus controller of port A and 
generates an address latch enable signal which provides optimum setup and hold timing for the 8207. 
This signal is used in Fast Cycle operation only. 


XACKA/ 
ACKA 


2 


o 


TRANSFER ACKNOWLEDGE PORT A/ACKNOWLEDGE PORTA: In non-ECC mode. this. Din is 
XACKA and inidcates that data on the bus is valid during a read cycle or that data may be removed 
from the bus during a write cycle for Port A. XACKA is a Multibus-compatible signal. In ECC mode, 
this pin is ACKA which can be configured, depending on the programming of the X program bit, 
as an XACK or AACK strobe. The SA programming bit determines whether the AACK will be an 
early EAACKA or a late LAACKA interface signal. 


XACKB/ 
ACKB 


3 


0 


TRANSFER ACKNOWLEDGE PORT B/ACKNOWLEDGE PORT B: In non-ECC mode, this pin 
is XACKB and indicates that data on the bus is valid during a read cycle or that data may be re- 
moved from the bus during a write cycle for Port B. XACKB is a Multibus-compatible signal. In ECC 
mode, this-pin is ACKB which can be configured, depending on the programming of the X program 
bit, as an XACK or AACK strobe. The SB programming bit determines whether the AACK will be 
an early EAACKB or a late LAACKB interface signal. 


AACKA/ 
WZ 


4 


0 


ADVANCED ACKNOWLEDGE PORT A/WRITE ZERO: In non-ECC mode, this pin is AACKA 
and indicates that the processor may continue processing and that data will be available when re- 
quired. This signal is optimized for the system by programming the SA program bit for synchronous 
or asynchronous operation. In ECC mode, after a RESET, this signal will cause the 8206 to force 
the data to all zeros and generate the appropriate check bits. 


AACKB/ 
R/W 


5 


0 


ADVANCED ACKNOWLEDGE PORT B/RE AD/WRITE: In non-ECC mode, this pin is AACKB and 
indicates that the processor may continue processing and that data will be available when required. 
This signal is optimized for the system by programming the SB program bit for synchronous or asyn- 
chronous operation. In ECC mode, this signal causes the 8206 EDCU to latch the syndrome and 
error flags and generate check bits. 


DBM 


6 


0 


DISABLE BYTE MARKS: This is an ECC control output signal indicating that a read or refresh cy- 
cle is occurring. This output forces the byte address decoding logic to enable all 8206 data output 
buffers. In ECC mode, this output is also asserted during memory initialization and the 8-cycle dynahnic 
RAM wake-up exercise. In non-ECC systems this signal indicates that either a read, refresh or 8-cycle 
warm-up is in progress. 


ESTB 


7 


0 


ERROR STROBE: In ECC mode, this strobe is activated when an error is detected and allows a 
negative-edge triggered flip-flop to latch, the status of the 8206 EDCU CE for systems with error 
logging capabilities. ESTB will not be issued during refresh cycles. 


LOCK 


8 


I 


LOCK: This input instructs the 8207 to lock out the port not being serviced at the time LOCK was 
issued. 


v cc 


9 

43 


I 


DRIVER POWER: +5 Volts. Supplies V cc for the output drivers. 
LOGIC POWER: +5 Volts. Supplies V cc for the internal logic circuits. 


CE 


10 


I 


CORRECTABLE ERROR: This is an ECC input from the 8206 EDCU which instructs the 8207 whether 
a detected error is correctable or not. A high input indicates a correctable error, A low input inhibits 
the 8207 from activating WE to write the data back into RAM. This should be connected to the CE 
output of the 8206. 


ERROR 


11 


I 


ERROR: This is an ECC input from the 8206 EDCU and instructs the 8207 that an error was detected. 
This pin should be connected to the ERROR output of the 8206. 


MUX/ , 
PCLK * 


12 


0 


MULTIPLEXER CONTROL/PROGRAMMING CLOCK: Immediately after a RESET this pin is used 
to clock serial programming data into the PDI pin. In normal two-port operation, this pin is used 
to select memory addresses from the appropriate port. When this signal is high, port A is selected 
and when it is low, port B is selected. This signal may change state before the completion of a RAM 
cycle, but the RAM address hold time is satisfied. 


PSEL 


13, 


0 


PORT SELECT: This signal is used to select the appropriate port for data transfer. When this signal 
is high port A is selected and when it is low port B is selected. 


PSEN 


14 


o 


PORT SELECT ENABLE: This signal used in conjunction with PSEL provides contention-free port 
exchange on the data bus. When PSEN is low, port selection is allowed to change state. 


WE 


15 


0 


WRITE ENABLE: This signal provides the dynamic RAM array the write enable input for a write 
operation. 



6-153 



210463-003 



intel 



8207 



Table 1. Pin Description (Continued) 



Symbol 


Pin 


Type 


Name and Function 


rWn 


16 


1 


FULL WRITE: This is an ECC input signal that instructs the 8207, in an ECC configura- 








lion, wneiner in© present writs cycio is normal n/Mvi write rruii wniej or a nMivi partial 








write (read-modify-write) cycle. 


RESET 


17 


1 


RESET: This signal causes all internal counters and state flip-flops to be reset and upon 








release of RESET, data appearing at the PDI pin is clocked in by the PCLK output. The 








ctatoc nf tho PDI Pf^TI A PITTI R anH RFRO nine, etra eamnloH h\/ RFQFT nninn inapt ivP 
otatoo oi lilt? ~ui, rw i ~v/ i i_d aiiu rii nv»< piiio ait? ocuiipiou uy ncoc. i yumy uiautivo 








and are used to program the 8207. An 8-cycle dynamic RAM warm-up is performed after 








clocking PDI bits into the 8207. 


CA§6 


18 


O 


COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to 


CAS1 


19 


O 


latch the column address, present on the AOO-8 pins. These outputs are selected by 


CAS2 


20 


0 


the BSO and BS1 as programmed by program bits RB0 and RB1 . These outputs drive 


CAS3 


21 


0 


the dynamic RAM array directly and need no external drivers. 




RASP 


22 


0 


ROW ADDRESS STROBE: These outputs are used by the dynamic RAM array to latch 


RAS1 


23 


0 


the row address, present on the AOO-8 pins. These outputs are selected by the BSO 


RAS2 


24 


0 


and BS1 as programmed by program bits RB0 and RB1. These outputs drive the 


RAS3 


25 


0 


dynamic RAM array directly and need no external drivers. 


V S s 


^ 26 


1 


DRIVER GROUND: Provides a ground for the output drivers. 




60 


I 


LOGIC GROUND: Provides a ground for the remainder of the device. 


AO0 


35 


0 


ADDRESS OUTPUTS: These outputs are designed to provide the row and column 


A01 


34 


0 


addresses of the selected port to the dynamic RAM array. These outputs drive the 


A02 


33 


0 


dynamic RAM array directly and need no external drivers. 


A03 


32 


0 




A04 


31 


0 




A05 


30 


0 




A06 


29 


0 




A07 


28 


0 




A08 


27 


0 




BSO 


36 


1 


BANK SELECT: These inputs are used to select one of four banks of the dynamic 


BS1 


37 


' 


RAM array as defined by the program bits RB0 and RB1. 


ALO . 


38 


1 


ADDRESS LOW: These lower-order address inputs are used to generate the row 


AL1 


39 


I 


address for the internal address multiplexer. 


AL2 


40 


1 




AL3 


41 


1 




AL4 


42 


1 




AL5 


44 


1 




AL6 


45 


1 




AL7 


46 


1 




AL8 


47 


' 




AHO ~ 


48 


1 


ADDRESS HIGH: These higher-order address inputs are used to generate the 


AH1 


49 


j 


column address for the internal address multiplexer. 


AH2 


50 


1 




AH3 


51 






AH4 


52 






AH5 


53 




x 


AH6 


54 






AU7 

An f 


EC 

OD 






A MA 


oo 






PDI 


57 


1 


PROGRAM DATA INPUT: This input programs the various user-selectable options in the 








8207. The PCLK pin shifts programming data into the PDI input from optional external 








shift registers. This pin may be strapped high or low to a default ECC (PDI =Logic "I") 








or non-ECC (PDI = Logic "O") mode configuration, 


RFRQ 


58 


1 


REFRESH REQUEST: This input is sampled on the falling edge of RESET. If it is high 








at RESET, then the 8207 is programmed for internal refresh request or externa! refresh 








request with failsafe protection. If it is low at RESET, then the 8207 is programmed for 








external refresh without failsafe protection or burst refresh. Once programmed the RFRQ 








pin accepts signals to start an external refresh with failsafe protection or external refresh 








without failsafe protection or a burst refresh. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin 


Type 


Name and Function 


CLK 


♦ 59 




CLOCK: This input provides the basic timing for sequencing the internal logic. 


FiDB 


61 




READ FOR PORT B: This pin is the read memory request command input for port B. 
This input also directly accepts the §1 status line from Intel processors. 


WRB 


62 




WRITE FOR PORT B: This pin is the write memory request command input for port B. 
This input also directly accepts the 5U status line from Intel processors. 


FEB 


63 




PORT ENABLE FOR PORT B: This pin serves to enable a RAM cycle request for port 
B. It is generally decoded from the port address. 


PCTLB 


64 




PORT CONTROL FOR PORT B: This pin is sampled on the falling edge of RESET. It 
configures port B to accept command inputs or processor status inputs. If low after 
RESET, the 8207 is programmed to accept command or iAPX 286 status inputs or 
Multibus commands. If high after RESET, the 8207 is programmed to accept status 
inputs from iAPX 86 or iAPX 186 processors. The §2 status line should be connected 
to this input if programmed to accept iAPX 86 or iAPX 186 status inputs. When 
programmed to accept commands or iAPX 286 status, it should be tied low or it may 
be used as a Multibus-compatible inhibit signal. 


ffDA 


65 


I 


READ FOR PORTA: This pin is the read memory request command input for port A. 
This input also directly accepts the S1 status line from Intel processors. 


WRA 


66 


I 


WRITE FOR PORTA: This pin is the write memory request command input for port A. 
This input also directly accepts the §0 status line from Intel processors. 


PEA 


67 


I 


PORT ENABLE FOR PORTA: This pin serves to enable a RAM cycle request for port 
A. It is generally decoded from the port address. 


PCTLA 


68 


I 


PORT CONTROL FOR PORTA: This pin is sampled on the falling edge of RESET. It 
configures port A to accept command inputs or processor status inputs. If low after 
RESET, the 8207 is programmed to accept command or iAPX 286 status inputs or 
Multibus commands. If high after RESET, the 8207js programmed to accept status 
inputs from iAPX 86 or iAPX 186 processors. The S2 status line should be connected 
to this input if programmed to accept iAPX 86 or iAPX 186 status inputs. When 
programmed to accept commands or iAPX 286 status, it should be tied low or it may 
be connected to INHIBIT when operating with Multibus. 



GENERAL DESCRIPTION 

The Intel 8207 Advanced Dynamic RAM Controller 
(ADRC) is a microcomputer peripheral device which 
provides the necessary signals to address, refresh 
and directly drive 1 6K, 64K and 256K dynamic, RAMs. 
This controller also provides the necessary arbitra- 
tion circuitry to support dual-port access of the 
dynamic RAM array. 

The ADRC supports several microprocessor interface 
options including synchronous and asynchronous con- 
nection to iAPX 86, iAPX 88, iAPX 186, iAPX 188, iAPX 
286 and Multibus. 

This device may be used with the 8206 Error Detec- 
tion and Correction Unit (EDCU). When used with the 
8206, the 8207 is programmed in the Error Checking 
and Correction (ECC) mode. In this mode, the 8207 
provides all the necessary control signals for the 
8206 to perform memory initialization and transpar- 
ent error scrubbing during refresh. 



FUNCTIONAL DESCRIPTION 
Processor Interface 

The 8207 has control circuitry for two ports each 
capable of supporting one of several possible bus 
structures. The ports are independently configur- 
able allowing the dynamic RAM to serve as an inter- 
face between two different bus structures. 



Each port of the 8207 may be programmed to run 
synchronous or asynchronous to the processor clock. 
(See Synchronous/Asynchronous Mode) The 8207 
has been optimized to run synchronously with Intel's 
iAPX 86, iAPX 88, iAPX 186, iAPX 188 and iAPX 286. 
When the 8207 is programmed to run in asynchronous 
mode, the 8207 inserts the necessary synchronization 
circuitry for the RD, WR, PE, and PCTL inputs. 
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The 8207 achieves high performance (i.e. no wait 
states) by decoding the status lines directly from the 
iAPX 86, iAPX 88, iAPX 186, iAPX 188 and iAPX 286 
processors. The 8207 can also be programmed to 
receive read or write Multibus commands or commands 
from a bus controller. (See Status/Command Mode) 

The 8207 may be programmed to accept the clock of 



the iAPX 86, 88, 186, 188, or 286. The 8207 adjusts 
its internal timing to allow for the different clock 
frequencies of these microprocessors. (See 
Microprocessor Clock Frequency Option) 

Figurq 2 shows the different processor interfaces to 
the 8207 using the synchronous or asynchronous 
mode and status or command interface. 
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Figure 2A. Slow-cycle Port Interfaces Supported by the 8207 
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Figure 2B. Fast-cycle Port Interfaces Supported by the 8207 



Single-Port Operation 

The use of an address latch with the iAPX 286 status 
interface is not needed since the 8207 can internally 
latch the addresses with an internal signal similar in 
behavior to the LEN output. This operation is active only 
in single-port applications when the processor is inter- 
faced to port A. 

Dual-Port Operation 

The 8207 provides for two-port operation. Two inde- 
pendent processors may access memory controlled 
by the 8207. The 8207 arbitrates between each of the 
processor requests and directs data to or from the 
appropriate port. Selection is done on a priority con- 
cept that reassigns priorities based upon past his- 
tory. Processor requests are internally queued. 

Figure 3 shows a dual-port configuration with two 
iAPX 86 systems interfacing to dynamic RAM. One of 
the prbcessor systems is interfaced synchronously 
using the status interface and the other is interfaced 
asynchronously also using the status interface. 



Dynamic RAM Interface 

The 8207 is capable of addressing 16K, 64K and 256K 
dynamic RAMs. Figure 4 shows the connection of the 
processor address bus to the 8207 using the different 
RAMs. The 8207 directly supports the 2118 RAM 
family or any RAM with similar timing requirements 
and responses including the Intel 21 64 A RAM. 

The 8207 divides memory into as many as four banks, 
each bank having its own Row (RAS) and Column 
(CAS) Address Strobe pair. This organization permits 
RAM cycle interleaving and permits error scrubbing 
during ECC refresh cycles. RAM cycle interleaving 
overlaps the start of the next RAM cycle with the RAM 
Precharge period of the previous cycle. Hiding the 
precharge period of one RAM cycle behind the data 
access period of the next RAM cycle optimizes memory 
bandwidth and is effective as long as successive RAM 
cycles occur in alternate banks. 

Successive data access to the same bank will cause 
the 8207 to wait for the precharge time of the previous 
RAM cycle. 
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EXTENDED MEMORY USING STATUS. 
PORT A— SYNCHRONOUS; 
PORT B— ASYNCHRONOUS 



NOTE: 

*Ttiese components are not necessary when using the 80186 components. These functions are provided directly by 
the 8018a 



Figure 3. 8086/80186 Dual Port System 
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NOTES: 

(1) Unassigned address input pins should be strapped high or low. 

(2) AO along with BHE are used to select a byte within a processor word. 

(3) Low order address bits are used as bank select inputs so that consecutive memory access requests 
are to alternate banks allowing bank interleaving of memory cycles. 



Figure 4. Processor Address Interface to the 8207 Using 16K, 64K, and 256K RAMS 



If not all RAM bank s are occupied, the 8207 reassigns 
the RAS and CAS strobes to allow using w ider data 
word s without increasing the loading on the RAS and 
CAS drivers. Table 2 shows the bank selec tion 
decoding and the word expansion, including RAS and 
CAS assignments. For example, if onl y two RAM banks 
are occupied, then two RAS and two CAS strobes are 
activated per bank. Program bits RB1 and RBO are not 
used to check the bank select inputs BS1 and BSO. The 
system design must protect from accesses to "illegal", 
non-existent banks of memory, by deactivating the 
PEA, PEB inputs when addressing an illegal bank. 

The 8207 can interface to fast (e.g., 21 18-10) or slow 
(e.g., 21 18-15) RAMs. The 8207 adjusts and optimizes 
internal timings for either the fast or slow RAMs as 
programmed. (See RAM Speed Option). 

Memory Initialization 

After programming, the 8207 performs eight RAM 
"warm-up" cycles to prepare the dynamic RAM for 
proper device operation. During "warm-up" some 
RAM parameters, such as tRAH, tASC, may not be 
met. This causes no harm to the dynamic RAM ar- 
ray. If configured for operation with error correction, 
the 8207 and 8206 EDCU will proceed to initialize 
all of memory (memory is written with zeros with 
corresponding check bits). 



Table 2. 
Bank Selection Decoding and 
Word Expansion 



Proc 
B 
RB1 


jram 
ts 

RBO 


Ba 
Inr 
BS1 


nk 

Hit 

BS0 


RAS/CAS Pair Allocation 


0 


0 


0 


0 


RA$o-3, CAS0-3 to Bank 0 


0 


0 


0 


1 


Illegal 


0 


0 


1 


0 


Illegal 


0 


0 


1 


1 


Illegal 


0 


1 


0 


0 


RASqj , CASq,i to Bank 0 


6 


1 


0 


1 


RAS 2,3» CAS2,3 to Bank 1 


0 


1 


1 * 


0 


Illegal 


0 


1 


1 


1 


Illegal ^ 




0 


0 


0 


RASq, CASo to Bank 0 




0 


0 


1 


RASi , CAS-i to Bank 1 




0 


1 


0 


RAS 2 , CAS2 to Bank 2 




0 


1 


1 


Illegal 




1 


0 


0 . 


RASo, CASo to Bank 0 




1 


0 


1 


RAS-j, CAS 1 to Bank 1 




1 


1 


0 


RA$2» CAS2 to Bank 2 




1 


1 


1 


RAS 3 , CAS3 to Bank 3 



6-159 



210463-003 



inter ■ : 8207 pp<EL : :»mi¥ 



Because the time to initialize memory is fairly long, 
the 8207 may be programmed to skip initialization in 
ECC mode. The time required to initialize all of 
memory is dependent on the clock cycle time to the 
8207 and can be calculated by the following 
equation: 

eq.1 T, NIT = C2 23 ) T CLCL 

if T CLCL = 125 ns then Tinu * 1 sec. 

8206 ECC Interface 

For operation with Error Checking and Correction 
(ECC), the 8207 adjusts its internal timing and 
changes some pin functions to optimize perfor- 
mance and provide a clean dual-port memory inter- 
face between the 8206 EDCU and memory. The 8207 
directly supports a master-only (16-bit word plus 6 
check bits) system. Under extended operation and 
reduced clock frequency, the 8207 will support any 
ECC master-slave configuration up to 80 data bits, 
which is the maximum set by the 8206 EDCU. (See 
Extend Option) 

Correctable errors detected during memory read 
cycles are corrected immediately and then written 
back into memory. 

In a synchronous bus environment, ECC system per- 
formance has been optimized to enhance processor 
throughput, while in an asynchronous bus environ- 
ment (the Multibus), ECC performance has been op- 
timized to get valid data onto the bus as quickly as 
possible. Performance optimization, processor 
throughput or quick data access may be selected via 
the Transfer Acknowledge Option. 

The main difference between the two ECC im- 
plementations is that, when optimized for processor 
throughput, RAM data is always corrected and an 
advanced transfer acknowledge is issued at a point 
when, by knowing the processor characteristics, 
data is guaranteed to be valid by the time the proces- 
sor needs it. 

When optimized for quick data access, (valid for Mul- 
tibus) the 8206 is configured in the uncorrecting 
mode where the delay associated with error correc- 
tion circuitry is transparent, and a transfer acknowl- 
edge i s issued as soon as valid data is known to exist. 
If the ERROR flag is activated, then the transfer ac- 
knowledge is delayed until after the 8207 has instruc- 
ted the 8206 to correct the data and the corrected 
data becomes available on the bus. Figure 5 il- 
lustrates a dual-port ECC system. 



Figure 6 illustrates the interface required to drive the 
CRCT pin of the 8206, in the case that one port (PORT 
A) receives an advanced acknowledge (not Multibus- 
compatible), while the other port (PORT B) receives 
XACK (which is Multibus-compatible). 



Errx?r Scrubbing 

The 8207/8206 performs error correction during 
refresh cycles (error scrubbing). Since the 8207 must 
refresh RAM, performing error scrubbing during 
refresh allows it to be accomplished without addi- 
tional performance penalties. 

Upon detection of a correctable error during refresh, 
the RAM refresh cycle is lengthened slightly to per- 
mit the 8206 to correct the error and for the corrected 
word to be rewritten into memory. Uncorrectable er- 
rors detected during scrubbing are ignored. 



Refresh 

The 8207 provides an internal refresh interval coun- 
ter and a refresh address counter to allow the 8207 to 
refresh memory. The 8207 will refresh 128 rows every 
2 milliseconds or 256 rows every 4 milliseconds, 
which allows all RAM refresh options to be sup- 
ported. In addition, there exists the ability to refresh 
256 row address locations every 2 milliseconds via 
the Refresh Period programming option. 

The 8207 may be programmed for any of four different 
refresh options: Internal refresh only, External refresh 
with failsafe protection, External refresh without failsafe 
protection, Burst Refresh mode, or no refresh. (See 
Refresh Options) 

It is possible to decrease the refresh time interval by 
10%, 20% or 30%. This option allows the 8207 to 
compensate for reduced clock frequencies. Note 
that an additional 5% interval shortening is built-in in 
all refresh interval options to compensate for clock 
variations ,and non-immediate response to the inter- 
nally generated refresh request. (See Refresh Period 
Options) 



External Refresh Requests after RESET 

External refresh requests are not recognized by the 
8207 until after it is finished programming and pre- 
paring memory for access. Memory preparation in- 
cludes 8 RAM cycles to prepare and ensure proper 
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Figure 6. Interface to 8206 C RCT Input When Port 
A Rec eives AACK and Port B Receives 
XACK 



dynamic RAM operation, and memory initialization if 
error correction is used. Many dynamic RAMs re- 
quire this warm-up period for proper operation. The 
time it takes for the 8207 to recognize a request is 
shown below. 



eq. 2 
eq. 3 
eq. 4 

eq. 5 
RESET 



Non-ECC Systems: Tresp = T PRO g + 
Tprep 

where: Tprog = (66) (T CLCL ) which is 
programming time 

Tprep = (8) (32) (T CLCL ) which is 



the RAM warm-up time 



if T r 



125 ns then T n 



: 41 US 



'CLCL "° UK7M 'RESP 

ECC Systems: Tresp = Tprog + Tprep + 
Tinit 



' f T CLCL = 125 nS then T RESP S 



1 sec 



RESET is an asynchronous input, the falling edge of 
which is used by the 8207 to directly sample to logic 
levels of the PCTLA, PCTLB, RFRQ, and PDI inputs. 
The internally synchronized falling edge of RESET is 
used to begin programming operations (shifting in the 
contents of the external shift register into the PDI input). 



Until programming is complete the 8207 registers 
but does not respond to command or status inputs. A 
simple means of preventing commands or status 
from occurring during this period is to differentiate 
the system reset pulse to obtain a smaller reset pulse 
for the 8207. The total time of the reset pulse and the 
8207 programming time must be less than the time 
before the first command in systems that alter the 
default port synchronization programming bits 
(default is Port A synchronous, Port B asynchro- 
nous). Differentiated reset is unnecessary when the 
default port synchronization programming is used. 



^ 



The differentiated reset pulse would be shorter than 
the system reset pulse by at least the programming 
period required by the 8207. The differentiated reset 
pulse first resets the 8207, and system reset would 
reset the rest of the system. While the rest of the 
system is still in reset, the 8207 completes its pro- 
gramming. Figure 7 illustrates a circuit to ac- 
complish this task. 

Within four clocks after RESET goes active, all the 8207 
outputs will go high, except for PSEN, WE, and AOO-2, 
which will go low. 



OPERATIONAL DESCRIPTION 

Programming the 8207 

The 8207 is programmed after reset. On the falling 
edge of RESET, the logic states of several input pins 
are latched internally. The falling edge of RESET 
actually performs the latching, which means that the 
logic levels on these inputs must be stable prior to 
that time. The inputs whose logic levels are latched at 
the end of reset are the PCTLA, PCtLB, REFRQ, and 
PDI pins. Figure 8 shows the necessary timing for 
programming the 8207. 



system r 

RESET [ 

8207 | 
RESET 



t 1 PROGRAMMING TIME OF 8207 





DIFFERENTIATED RESET 

NOTES: 

("ORequired only when the port synchroniza- 
tion options (SA & SB) are altered from 
their initial default values. 

( 2 )V CC must be stable before system reset 
is activated when using this circuit. 



Figure 7. 8207 Differentiated Reset Circuit 



6-162 



inter 



8207 




NOTES: 

TRTVCL — Reset is an asynchronous input, if reset occurs before T 1f then it is 

guaranteed to be recognized. 
TPGVCL — Minimum PDI valid time prior to reset going low. 
TCLPC - MUX/PCLK delay. 
TLOAD — Asynchronous load data propagation delay. 



Figure 8. Timing Illustrating External Shift Register Requirements for Programming the 8207 



Status/Command Mode 

The two processor ports of the 8207 are configured 
by the states of the PCTLA and PCTLB pins. Which 
interface is selected depends on the state of the 
individual port's PCTL pin at the end of reset. If PCTL 
is high at the end of the reset, the 8086 Status inter- 
face is selected; if it is low, then the Command inter- 
face is selected. 

The status lines of the 80286 are similar in code and 
timing to the Multibus command lines, while the status 
code and timing of the 8076 and 8088 are identical to 
those of the 801 86 and 801 88 (ignoring the differences 
in clock duty cycle). Thus there exists two interface con- 
figurations, one for the 80286 status or Multibus 
memory commands, which is called the Command in- 
terface, and one for 8086, 8088, 80186 or 80188 status, 
called the 8086 Status interface. The Command inter- 
face can also directly interface to the command lines 
of the bus controllers for the 8086, 8088, 80186 and 
the 80286. 

The 8086 Status interface allows direct decoding of 
the status of the iAPX 86, iAPX 88, iAPX 186 and the 
iAPX 188. Table 3 shows how the status lines are 
decoded. While in the Command mode the iAPX 286 
status can be directly decoded. Microprocessor 
bus controller read or write commands or Multibus 
commands can also be directed to the 8207 when in 
Command mode. 

Refresh Options 

Immediately after system reset, the state of the 
REFRQ input pin is examined. If REFRQ is high, the 
8207 provides the user with the choice between self- 
refresh or user-generated refresh with failsafe pro- 
tection. Failsafe protection guarantees that if the 



Table 3A. Status Coding of 8086, 80186 and 80286 



Status Code 


Function 


52 


§1 


so 


8086/80186 


80286 


0 


0 


0 


INTERRUPT 


INTERRUPT 


0 


0 


1 


I/O READ 


I/O READ 


0 


1 


0 


I/O WRITE 


I/O WRITE 


0 


1 


1 


HALT 


IDLE 


1 


0 


0 


INSTRUCTION 
FETCH 


HALT 


1 


0 


1 


MEMORY READ 


MEMORY READ 


1 


1 


0 


MEMORY WRITE 


MEMORY WRITE 


1 


1 


1 


IDLE 


IDLE 



Table 3B. 8207 Response 



8207 
Command 


Function 


PCTL 


RD 


WR 


8086/80186 
Status 
Interface 


80286/Statusor 
Command 
Interface 


0 


0 


0 


IGNORE 


IGNORE 


0 


0 


1 


IGNORE 


READ 


0 


1 


0 


IGNCIRE 


WRITE 


0 


1 


1 


IGNORE 


IGNORE 


1 


0 


0 


READ 


IGNORE 


1 


0 


1 


READ 


INHIBIT 


1 


1 


0 


WRITE 


INHIBIT 


1 


1 


1 


IGNORE 


IGNORE 
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user does not come back with another refresh re- 
quest before the internal refresh interval counter 
times out, a refresh request will be automatically 
generated. If the REFRQ pin is low immediately after 
a reset, then the user has the choice of a single 
external refresh cycle without failsafe, burst refresh 
or no refresh. 



Internal Refresh Only 

For the 8207 to generate internal refresh requests, it 
is necessary only to strap the REFRQ input pin high. 

External Refresh with Failsafe 

To allow user-generated refresh requests with fail- 
safe protection, it is necessary to hold the REFRQ 
input high until after reset. Thereafter, a low-to-high 
transition on this input causes a refresh request to be 
generated and the internal refresh interval counter 
to be reset. A high-to-lbw transition has no effect on 
the 8207. A refresh request is not recognized until a 
previous request has been serviced. 

External Refresh without Failsafe 

To generate single external refresh requests without 
failsafe protection, it is necessary to hold REFRQ low 
until after reset. Thereafter, bringing REFRQ high for 
one clock period causes a refresh request to be 
generated. A refresh request is not recognized until a 
previous request has been serviced. 



Burst Refresh 

Burst refresh is implemented through the same pro- 
cedure as a single external refresh without failsafe (i.e., 
REFRQ is kept low until after reset). Thereafter, bring- 
ing REFRQ high for at least two clock periods causes 
a burst of up to 128 row address locations to be 
refreshed. 

In ECC-configured systems, 128 locations are scrubbed. 
Any refresh request is not recognized until a previous 
request has been serviced (i.e., burst completed). 

No Refresh 

It is necessary to hold REFRQ low until after reset. 
This is the same as programming External Refresh 
without Failsafe. No refresh is accomplished by 
keeping REFRQ low. 



Option Program Data Word 

The program data word consists of 16 program data 
bits, PD0^-PD15. W the first program data bit PDO is 
set to logic 1 , the 8207 is configured to support ECC. 
If it is logic 0, the 8207 is configured to support a non- 
ECC system. The remaining bits, PD1 — PD15, may 
then be programmed to optimize a selected configura- 
tion, Figures 9 and 10 show the Program words for non- 
ECC and ECC operation. 



Using an External Shift Register 

The 8207 may be configured to use an external shift 
register with asynchronous load capability such as a 
74LS165. The reset pulse serves to parallel load the 
shift register and the 8207 supplies the clocking sig- 
nal to shift the data in. Figure 11 shows a sample 
circuit diagram of an external shift register circuit. 

Serial data is shifted into the 8207 via the PDI pin (57), 
and clock is provided by the MUX/PCLK pin (12), which 
generates a total of 16 clock pulses. After program- 
ming is complete, data appearing at the input of the 
PDI pin is ignored. MUX/PCLK is a dual-function pin. 
During programming, it serves to clock the external shift 
register, and after programming is completed, it reverts 
to a MUX control pin. As the pin changes state to select 
different port addresses, it continues to clock the shift 
register. This does not present a problem because data 
at the PDI pin is ignored after programming. Figure 8 
illustrates the timing requirements of the shift register 
circuitry. 

ECC Mode (ECC Program Bit) 

The state of PDI (Program Data In) pin at reset deter- 
mines whether the system is an ECC or non-ECC 
configuration. It is used internally by the 8207 to 
begin configuring timing circuits, even before pro- 
gramming is completely finished. The 8207 then 
begins programming the rest of the options. 



Default Programming Options 

After reset, the 8207 serially shifts in a program data 
word via the PDI pin. This pin may be strapped either \ 
high or low, or connected to an external shift register. 
Strapping PDI high causes the 8207 to default to a 
particular system configuration with error correc- 
tion, and strapping it low causes the 8207 to default 
to a particular system configuration without error 
correction. Table 4 shows the default configurations. 
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PD15 














PD8 


PD7 














PDO 


0 


0 


TM1 


PP~R 


FFS 


EXT 


PLS 


CIO 


cn 


Eli 


RBO 


RFS 


CF§ 


SB 


SA 


0 



PROGRAM 
DATA BIT 


NAME 


POLARITY/ FUNCTION 


PDO 


ECC 


ECC=0 FOR NON-ECC MODE 


PD1 


SA 


QA— fl PORTA IQ QVNf*HRONOI IS 

SA = 1 PORT A IS ASYNCHRONOUS 


PD2 


SB 


CR = n PORT R IQ ASYNCHRONOUS 

SB =1 PORT B IS SYNCHRONOUS 


PD3 


CFS 


CFS=0 FAST-CYCLE IAPX 286 MODE 
CFS =1 SLOW-CYCLE IAPX 86 MODE 


PD4 


RFS 


RFS=0 FAST RAM 
RFS=1 SLOW RAM 


PD5 
PDO 


RBO 
RBl 


RAM BANK OCCUPANCY 
SEE TABLE 2 


PD7 
PD8 


CM 
CIO 


COUNT INTFRVAI BIT 1- SFF TARLF R 

COUNT INTERVAL BIT 0; SEE TABLE 6 


PD9 


PLS 


° PLS=0 LONG REFRESH PERIOD 
PLS = 1 SHORT REFRESH PERIOD 


PD10 


EXT 


EXT=0 NOT EXTENDED 
EXT=1 EXTENDED 


PD11 


FFS 


FFS=0 FAST CPU FREQUENCY 
FFS = 1 SLOW CPU FREQUENCY 


PD12 


PPR 


PPR=0 MOST RECENTLY USED PORT 

PRIORITY 
PPR=1 PORTA PREFERRED 

PRIORITY 


PD13 


TM1 


TM1=0 TEST MODE 1 OFF 
TM1 =1 TEST MODE 1 ENABLED 


PD14 


0 


RESERVED MUST BE ZERO 


PD15 


0 


RESERVED MUST BE ZERO 



Figure 9. Non-ECC Mode Program Data Word 



PD15 PD8 PD7 PDO 



TM2 RB1 RBO PPR FFS EXT 


PLS CIO CM XB XA RFS CFS SB SA 1 




PROGRAM 
DATA BIT 


NAME 


POLARITY/FUNCTION 


PDO 


ECC 


ECC=1 ECC MODE 


PD1 


SA 


SA =0 PORT A ASYNCHRONOUS 
SA 1 PORT A SYNCHRONOUS 


PD2 


SB 


SB =0 PORT B SYNCHRONOUS 
SB =1 PORT B ASYNCHRONOUS 


PD3 


CFS 


CFS =0 SLOW-CYCLE IAPX 86 MODE 
CFS =1 FAST-CYCLE IAPX 28&MODE 


PD4 


RFS 


RFS=0 SLOW RAM 
RFS=1 FAST RAM 


PD5 


XA 


XA=0 MULTIBUS-COMPATIBLE 
ACKA 

XA =1 ADVANCED ACKA NOT 
MULTIBUS-COMPATIBLE 


PD6 


XB 


XB-0 ADVANCED ACKB NOT 
MULTIBUS COMPATIBLE 

XB=1 MULTIBUS-COMPATIBLE 
ACKB 


PD7 
PD8 


cii 

CIO 


COUNT INTERVAL BIT 1; SEE TABLE 6 
COUNT INTERVAL BIT 0; SEE TABLE 6 


PD9 


PLS 


PLS=0 SHORT REFRESH PERIOD 
PLS=1 LONG REFRESH PERIOD 


PD10 


EXT 


EXT=0 MASTER AND SLAVE EDCU 
EXT = 1 MASTER EDCU ONLY 


PD11 


FFS 


FFS=0 SLOW CPU FREQUENCY 
FFS=1 FAST CPU FREQUENCY 


PD12 


PPR 


PPR=0 PORTA PREFERRED 
PRIORITY 

PPR =1 MOST RECENTLY USED PORT 
PRIORITY < 


PD13 
PD14 


RBO 
RB1 


RAM BANK OCCUPANCY 
SEE TABLE 2 


PD15 


TM2 


TM2=0 TEST MODE 2 ENABLED 
TM2=1 TEST MODE 2 OFF 



Figure 10. ECC Mode Program Data Word 
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SYSTEM \ 
RESET / 



I 



I 



LOAD CLK 
PL SO SHIFT REG. 
DATA IN 

TTT 



DATA 
OUT 



r 



JUMPER OPTIONS 



Figure 11. External Shift Register Interface 



Table 4A. 

Default Non-ECC Programming, PDI Pin (57) 
Tied to Ground. 



Port A is Synchronous (EAACKA and XACKA) 



Port B is Asynchronous (LAACKB and XACKB) 



Fast-cycle Processor Interface (10 or 16 MHz) 



Fast RAM 



Refresh Interval uses 236 clocks 



128 Row refresh in 2 ms; 256 Row refresh in 4 ms 



Fast Processor Clock Frequency (16 MHz) 



"Most Recently Used" Priority Sqheme 



4 RAM banks occupied 



Table 4B. 

Default ECC Programming, PDI Pin (57) 
Tied to V C c- 



Port A is Synchronous 



Port B is Asynchronous 



Fast-cycle Processor Interface (10 or 16 MHz) 



Fast RAM 



Port A has EAACKA strobe (non-multibus) 



Port B has XACKB strobe (multibus) 



Refresh interval uses 236 clocks 



128 Row refresh in 2 ms; 256 Row refresh in 4 ms 



Master EDCU only (16-bit system) 



Fast Processor Clock Frequency (16 MHz) 



"Most Recently Used ; Priority Scheme 



4 RAM banks occupied 



If further system flexibility is needed, one or two 
external shift registers can be used to tailor the 8207 

to its operating environment. 

« 

Synchronous/Asynchronous Mode 
(SA and SB Program Bits) 

Each port of the 8207 may be independently config- 
ured to accept synchronous or asynchronous port 
commands (RD, WR, PCTL) and Port Enable (PE) via 
the program bits SA and SB. The state of the SA and 
SB programming bits determine whether their asso- 
ciated ports are synchronous or asynchronous. 

While a port may be configured with either the Status 
or Command interface in the synchronous mode, 
certain restrictions exist in the asynchronous mode. An 
asynchronous Command interface using the control 
lines of the Multibus is supported, and an asynchronous 
8086 interface using the control lines of the 8086 is 
supported, with the use of TTL gates as illustrated in 
Figure 2. In the 8086 case, the TTL gates are needed 
to guarantee that status does not appear at the 8207's 
inputs too much before address, so that a cycle would 
start before address was valid. 

Microprocessor Clock Frequency Option 
(CFS and FFS Program Bits) 

The 8207 can be programmed to interface with slow- 
cycle microprocessors like the 8086, 8088, 80188 and 
80186 or fast-cycle microprocessors like the 80286. The 
CFS bit configures the rnicroprocessor interface to 
accept slow or fast cycle signals from either micro- 
processor group. 

This option is used to select the speed of the micro- 
processor clock. Table 5 shows the various 
microprocessor clock frequency options that can be 
programmed. 

Table 5. 

Microprocessor Clock Frequency Options 



Program Bits 


Processor 


Clock 


CFS 


FFS 




Frequency 


0 


0 


iAPX 86, 
88, 186, 188 


5 MHz 


0 


1 


iAPX 86, 
88, 186, 188 


8 MHz 


1 


0 


iAPX 286 


10 MHz 


1 


1 


iAPX 286 


16 MHz 
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The external clock frequency must be programmed 
so that the failsafe refresh repetition circuitry can 
adjust its internal timing accordingly to produce a 
refresh request as programmed. 

RAM Speed Option (RFS Program Bit) 

The RAM Speed programming option determines 
whether RAM timing will be optimized for a fast or 
slow RAM. Whether a RAM is fast or slow is mea- 
sured relative to the 2118-10 (Fast) or the 2118-15 
(Slow) RAM specifications. 

Refresh Period Options 

(CIO, CM, and PLS Program Bits) 

The 8207 refreshes with either 128 rows every 2 mil- 
liseconds or 256 rows every 4 milliseconds. This 
translates to one refresh cycle being executed ap- 
proximately once every 15.6 microseconds. This rate 
can be changed to 256 rows every 2 milliseconds or a 
refresh approximately once every 7.8 microseconds 
via the Period Long/Short, program bit PLS, pro- 
gramming option. The 7.8 microsecond refresh re- 
quest rate is intended for those RAMs, 64K and 
above, which may require a faster refresh rate. 

In addition to PLS program option, two other pro- 
gramming bits for refresh exist: Count Interval 0 (CIO) 
and Count Interval 1 (CM). These two programming 
bits allow the rate at which refresh requests are 
generated to be increased in order to permit refresh 
requests to be generated close to the same 15.6 or 
7.8 microsecond period when the 8207 is operating 



at reduced frequencies. The interval between re- 
freshes is decreased by 0%, 10%, 20%, or 30% as a 
function of how the count interval bits are program- 
med. A 5% guardband is built-in to allow for any 
clock frequency variations. Table 6 shows the refresh 
period options available. 

The numbers tabulated under Count Interval represent 
the number of clock periods between internal refresh 
requests. The percentages in parentheses represent 
the decrease in the interval between refresh requests. 
Note that all intervals have a built-in 5% (approximate- 
ly) safety factor to compensate for minor clock frequen- 
cy deviations and non-immediate response to internal 
refresh requests. 

Extend Option (EXT Program Bit) 

The Extend option lengthens the memory cycle to 
allow longer access time which may be required by 
the system. Extend alters the RAM timing to compen- 
sate for increased loading on the Row and Column 
Address Strobes, and in the multiplexed Address 
Out lines. 

Port Priority Option and Arbitration 
(PPR Program Bit) 

The 8207 has to internally arbitrate among three 
ports: Port A, Port B and Port C— the refresh port. 
Port C is an internal port dedicated to servicing 
refresh requests, whether they are generated inter- 
nally by the refresh inverval counter, or externally by 
the user. Two arbitration approaches are available via 



Table 6. Refresh Count Interval Table 



Freq. 
(MHz) 


Ref. 
Period 

(MS) 


CFS 


PLS 


FFS 


Count Interval 
CM, CIO 
(8207 Clock Periods) 


00 

(0%) 


01 
(10%) 


10 
(20%) 


11 
(30%) 


16 


15.6 


1 


1 


1 


236 


212 


188 


164 


7.8 


1 


0 


1 


118 


106 ' 


94 


82 


10 


15.6 


1 


1 


0 


148 


132 


116 


100 


, 7.8 


1 


0 


0 


74 


66 


58 


50 


8 


15.6 


0 


1 


1 


118 


106 


94 


82 


7.8 


0 


0 


1 


59 


53 


47 


41 


5 


15.6 


0 


1 


0 


74 


66 


58 


50 


7.8 


0 


0 


0 


37 


33 


29 


25 
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the Port Priority programming option, program bit 
PPR. PPR determines whether the most recently 
used port will remain selected (PPR = 1) or whether 
Port A will be favored or preferred over Port B 
(PPR = 0). 

A port is selected if the arbiter has given the selected 
port direct access to the timing generators. The 
front-end logic, which includes the arbiter, is de- 
signed to operate in parallel with the selected port. 
Thus a request on the selected port is serviced imme- 
diately. In contrast, an unselected port only has ac- 
cess to the timing generators through the front-end 
logic. Before a RAM cycle can start for an unselected 
port, that port must first become selected (i.e., the 
MUX output now gates that port's address into the 
8207 in the case of Port A or B). Also, in order to allow 
its address to stabilize, a newly selected port's first 
RAM cycle is started by the front-end logic. There- 
fore, the selected port has direct access to the timing 
generators. What all this means is that a request on a 
selected port is started immediately, while a request 
on an unselected port is started two to three clock 
periods after the request, assuming that the other 



two ports are idle. Under normal operating condi- 
tions, this arbitration time is hidden behind the RAM 
cycle of the selected port so that as soon as the 
present cycle is over a new cycle is started. Table 7 
lists the arbitration rules for both options. 



Port LOCK Function 

The LOCK function provides each port with the 
ability to obtain uninterrupted access to a critical 
region of memory and, thereby, to guarantee that the 
opposite port cannot "sneak in" and read from or 
write to the critical region prematurely. 

Only one LOCK pin isr present and is multiplexed 
between the two ports as follows: when MUX is high, 
the 8207 treats the LOCK input as originating at 
PORT A, while when MUX is low, the 8207 treats 
LOCK as originating at PORT B. When the 8207 
recognizes a LOCK, the MUX output will remain 
pointed to the locking port until LOCK is deactivated. 
Refresh is not affected by LOCK and can occur dur- 
ing a locked memory cycle. 



Table 7. The Arbitration Rules for the Most Recently Used Port Priority and for 
Port A Priority Options Are As follows: 



1. 


If only one port requests service, then that port — if not already selected — becomes selected. 


2a. 


When no service requests are pending, the last selected processor port (Port A or B) will remain selected. 
(Most Recently Used Port Priority Option) 


2b. 


When no service requests are pending, Port A is selected whether it requests service or not. (Port A Priority 
Option) 


3. 


During reset initialization only Port C, the refresh port, is selected. 


4. 


If no processor requests are pending after reset initialization, Port A will be selected. 


5a. 


If Ports A and B simultaneouslyf) request service while Port C is being serviced, then the next port to be 
selected is the one which was not selected prior to servicing Port C. (Most Recently Used Port Priority 
Option) 


5b. 


If Ports A and B simultaneouslyf) request service while Port C is selected, then the next port to be selected 
is Port A. (Port A Priority Option) 


6. If a port simultaneously requests service with the currently selected port, service is granted to the selected 
port. 


7. 


The MUX output remains in its last state whenever Port C is selected. 


8. 


If Port C and either Port A or Port B (or both) simultaneously request service, then service is granted to the 
requester whose port is already selected. If the selected port is not requesting service, then service is 
granted to Port C. 


9. 


If during the servicing of one port, the other port requests service before or simultaneously with the refresh 
port, the refresh port is selected. A new port is not selected before the presently selected port is 
deactivated. 


10. 


Activating LOCK will mask off service requests from Port B if the MUX output is high, or from Port A if the 
MUX output is low. 


* By "simultaneous" it is meant that two or more requests are valid at the clock edge at which the internal arbiter 
samples them. 
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Dual-Port Considerations 



For both ports to be operated synchronously, several 
conditions must be met. The processors must be the 
same type (Fast or Slow Cycle) as defined by Table 8 
and they must have synchronized clocks. Also when 
processor types are mixed, even though the clocks 
may be in phase, one frequency may be twice that of 
the other. So to run both ports synchronous using 
the status interface, the processors must have 
related timings (both phase and frequency). If these 
conditions cannot be met, then one port must run 
synchronous and the other asynchronous. 

Figure 3 illustrates an example of dual-port operation 
using the processors in the slow cycle group. Note the 
use of cross-coupled NAND gates at the MUX output 
for minimizing contention between the two latches, and 
the use of flip flops on the status lines of the asyn- 
chronous processor for delaying the status and thereby 
guaranteeing RAS will not be issued, even in the worst 
case, until address is valid. 

Processor Timing 



In order to run without wait states , AACK must be 
used and connected to the SRDY input of the ap- 
propriate bus controller. AACK is issued relative to a 
point within the RAM cycle and has no fixed relation- 
ship to the processor's request The timing is such, 
however, that the processor will run without wait states, 
barring refresh cycles, bank precharge, and RAM 
accesses from the other port. In non-ECC fast cycle, 
fast RAM, non-extended configurations (80286), AACK 
is issued on the next falling edge of the clock after the 



edge that issues RAS. In non-ECC, slow cycle, non- 
extended, or extended with fa st RAM cycle configura- 
tions (8086, 80188, 80186), AACK is issued on the 
same clock cycle that issues RA S. Figu re 14 illustrates 
the timing relationship between AACK, the RAM cycle, 
and the processor cycle for several different situations. 

Port Enable (PE setup time requirements depend on 
whether the associated port is configured for syn- 
chronous or asynchronous fast or slow cycle operation. 
In a synchronous fast cycle configuration, PE is re- 
quired to be setup to the same clock edge as the status 
or commands. If PE is true (low), a RAM cycle is started; 
if not, the cycle is aborted. The memorycycle will only 
begin when both valid signals (PE and RD or WR) are 
recognized at a particular clock edge. In aynchronous 
operation, PE is required to be setup to the same clock 
edge as the internally synchronized status or com- 
mands. Externally, this allows the internal synchroniza- 
tion delay to be added to the status (or command)-to- 
PE delay time, thus allowing for more external decode 
time that is available in synchronous operation. 

The minimum synchronization delay isjhe additional 
amount that PE must be held valid. If PE is not held 
valid for the maximum synchronization delay time, it 
is possible that PE will go invalid prior to the status or 
command being synchronized. In such a case the 8207 
aborts the cycle. If a memory cycle i ntende d for the 
8207 is aborted, then no acknowledge (AACK or XACK) 
is issued and the processor locks up in endless wait 
states. Figure 15 illustrates the status (command) 
timing requirements for synchronous and asyn- 
chronous systems. Figures 16 and 17 show a more 
detailed hook-up of the 8207 to the 8086 and the 80286, 
respectively. 
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S0,S1 




- CYCLE DELAYED BY 
ACCESS ON OTHER 
PORT, REFRESH CYCLE 
OR BANK PRECHARGE 



NOTE: 

1 . The RAS and CAS shown in figure are different banks being accessed. 



Figure 14. iAPX 286/8207 Synchronous-Status Timing Programmed in non-ECC Mode, CO 
Configuration (Read Cycle) 
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Eli 



8207 CLK 



COMMAND/STATUS 



\ 



1 



® 



(A) PE SET-UP AND HOLD TIME REQUIREMENTS FOR FAST CYCLE, 
SYNCHRONOUS OPERATION (80286 CMD/STATUS) 



J 



1_ 



COMMAND/STATUS 



PE 



(B) PE TIMING REQUIREMENTS FOR FAST OR SLOW CYCLE 
ASYNCHRONOUS OPERATION 



Figure 15. 



Memory Acknowledge 
(AACK, XACK) 



In system configurations without error correction, 
two memory acknowledge signals per port are sup- 
plied by the 8 207. T hey are the Advanced Acknowl- 
edge str obe (A ACK) and the Transfer Acknowledge 
strobe (XACK). The CFS program min g bit de ter- 
mines for which processor AACKA and AACKB are 
optimized, either 80286 (CFS = 1) or 8086/186 (CFS 
= 0), w hile the SA and SB programming bits optim ize 
AACK for synchronous operatio n ("ea rly" AACK) or 
asynchronous operation ("late" AACK). 



Both the early and late AACK strobes are three 
clocks lo ng for CFS = 1 and two clocks long for CFS 
= 0. The XACK strobe is asserted when data is valid 
(for reads) or when data may be removed (f or writ es) 
and meets the Multibus requirements. XACK is 



removed asynchronously by^the command going in- 
active. Since in asynchronous operat ion the 82 07 
removes read data before late AACK or XACK is 
recognized by the CPU, the user must provide for 
data latching in the system until the CPU reads the 
data. In synchronous operation, data latching is un- 
necessary since the 8207 will not remove data until 
the CPU has read it. 

In EC C-base d s ystem s there is one memory acknow- 
ledge (XACK or AACK) per port and a programming bit 
associated with each acknowledge. If the X pro gram- 
ming bit is high, the strobe is configured as X ACK, w hile 
if the bit is low, the strobe is configured as AACK. As 
in non-ECC, the SA and SB programming bit s deter- 
mi ne wheth er the AACK strobe is early or late (EAACK 
or LAACK). 

Data will always be valid a fixed time after the occur- 
rence of the advanced acknowledge. Table 9 sum- 
marizes the various transfer acknowledge options. 
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READY CLK 
S2 
ST 



80186 



ADDR/ 
DATA 



8284A* 

RDY1 
READY 
CLK 



OTHER A"C~R INPUTS 



CLK 
8288* 

DEN 
DT/R 
S2 S1 SO ALE 



CLK AlkCK 



8207 
mL AOo.a 
RD WE 



AH 0 . 8 ALq.8 PSEN 



T OE 
8287 



2 




=0 





=0 




MEMORY 




MEMORY 


(UPPER) 




(LOWER) 


WE Dl DO 




WE Dl DO 



T OE 



NOTE: 

* These components are not necessary when using the 80186. These functions are 
provided directly by the 80186. 



Figure 16. 8086/80186, 8207 Single Port Non-ECC Synchronous Systems 
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READY CLK 

M/IO 

SO 

80286 



ADDR 
DATA 



A 



DEN 

DT/R 
M/I5S1S0 



A 



5> 



T OE 
8287 



T OE 
8287 



OTHER A"C"K INPUTS 



AO 



B"HE 



I 



STB 
Q 

8283 



CLK AACK 










ADDR, 
STROBES 

PCTL 

8207 










=> 










MEMORY 
(UPPER) 




MEMORY 
(LOWER) 


RD WE 












WR 












ADDR IN PSEN 






WE Dl DO 




WE Dl DO 



IT 



Figure 17. 80286 Hook-up to 8207 Non-ECC Synchronous System- Single Port. 
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Table 8. Processor Interface/ Acknowledge Summary 



CYCLE 


PROCESSOR 


REQUEST TYPE 


SYNC/ASYNC 
INTERFACE 


ACKNOWLEDGE TYPE 


FAST 

CYCLE 

CFS=1 


80286 


STATUS 


, SYNC 


* EAACK 


80286 


STATUS 


ASYNC 


LAACK 


80286 


COMMAND 


SYNC 


EAACK 


80286 


COMMAND 


ASYNC 


LAACK 


8086/80186 


STATUS 


ASYNC 


LAACK 


8086/80186 


COMMAND 


ASYNC 


LAACK 


MULTIBUS 


COMMAND 


ASYNC 


XACK 


stow 

CYCLE 
CFS=0 


8086/80186 


STATUS 


SYNC 


EAACK 


8086/80186 


STATUS 


ASYNC 


LAACK 


8086/80186 


COMMAND 


SYNC 


EAACK 


8086/80186 


COMMAND 


ASYNC 


LAACK 


. MULTIBUS 


COMMAND 


ASYNC 


XACK 



Table 9. Memory Acknowledge Option Summary 





Synchronous 


Asynchronous 


XACK 


Fast Cycle 


AACK Optimized 
for Local 80286 


AACK Optimized for 
Remote 80286 


Multibus Compatible 


Slow Cycle 


AACK Optimized 
for Local 8086/186 


AACK Optimized for 
Remote 8086/186 


Multibus Compatible, 



Test Modes 

Two special test modes exist in the 8207 to facilitate 
testing. Test Mode 1 (non-ECC mode) splits the 
refresh address counter into two separate counters 
and Test Mode 2 (ECC mode) presets the refresh 
address counter to a value slightly less than rollover. 

Test Mode 1 splits the address counter into two, and 
increments both counters simultaneously with each 
refresh address update. By generating external 
refresh requests, the tester is able to check for 
proper operation of both counters. Once proper indi- 
vidual counter operation has been established, the 
8207 must be returned to normal mode and a second 
test performed to check that the carry from the first 
counter increments the second counter. The outputs 
of the counters ate presented-on the address out bus 
with the same timing as the row and column ad- 
dresses of a normal scrubbing operation. During 
Test Mode 1, memory initialization is inhibited, since 
the 8207, by definition, is in non-ECC mode. 

Test Mode 2 sets the internal refresh counter to a 
value slightly less than rollover. During functional 
testing other than that covered in Test Mode 1, the 



8207 will normally be set in Test Mode 2. Test Mode 2 
eliminates memory initialization in ECC mode. This 
allows quick examination of the circuitry which 
brings the 8207 out of memory initialization and into 
normal operation. 

General System Considerations 

The RASq-3, CASrj-3, AOr>8, output buffers were 
designed to directly drive the heavy capacitive loads 
associated with dynamic RAM arrays. To keep the RAM 
driver outputs from ringing excessively in the system 
environment and causing noise in other output pins it is 
necessary to match the output impedance of the RAM 
output buffers with the RAM array by using series 
resistors and to add series resistors to other control 
outputs for noise reduction if necessary. Each applica- 
tion may have different impedance characteristics and 
may require different series resistance values. The 
series resistance values should be determined for each 
application. In nortrECC systems unused ECC input 
pins should be tied high or low to improve noise 
immunity. 

The 8207 is packaged in a 68-pin, leadless JEDEC type 
A hermetic chip carrier. 



6-174 



210463-003 



8207 



J^UUUUUUUUUUUUUUUI 



□ 
□ 

ZI 
ZI 
ZI 

□ 
□ 

□ 
□ 
□ 



□ 
□ 



z 
z 

c 



z 
z 
z 
z 
z 
z 
z 
z 

(Z 

z 



n nnnnnnnnnnnnnnnnpi / 



NOTE: 
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52 AH4 

53 AH5 

54 AH6 

55 AH7 

56 AH8 

57 PDI 

58 RFRQ 

59 CLK 

60 Vss 

61 RGB 

62 WEB 

63 PEB 

64 PCTLBp 

65 RDA □ 

66 WHA □ 

67 PEA □ 

68 PCTLA' □ 

xmnnnnnnnnnnnnnn 



□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

3 



- PIN NO. 1 MARK 




Z 34 A01 
Z 33 A02 
Z 32 A03 
Z 31 A04 
Z 30 A05 
Z 29 A06 
Z 28 A07 
Q 27 A08 

B26 Vss 
25 RAS3 
□ 24 RAS2 
Z 23 RAS1 
Z 22 RASP 
Z 21 CAS3 
Z 20 CAS2 
Z]19 CAS1 
18 CSS6 



' cm co <« in <o 



8207 is packaged in a 68 pin JEDEC Type A hermetic leadless chip carrier. 



Figure 19. 8207 Pinout Diagram 
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ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature , 

Under Bias .-0° C to +70° C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin With 

Respect to Ground -.5V to +7V 

Power Dissipation 2.5 Watts 



NOTICE: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage 
to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 

(T A = 0°C to +70°C, V cc = 5.0V ± 10<>/o for 8207; ± 5% for 8207-2 and 8207-5, V ss = GND) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Comments 


V,u 


Input Low Voltage 


-0.5 


+0.8 


V 




V,H 


Input High Voltage 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Note 1 


Voh 


Output High Voltage 


2.*4 




V 


Note 1 


Vrol 


RAM Output 
Low Voltage 




0.45 


V 


Note 1 


Vroh 


RAM Output 
High Voltage 


2.6 




V 


Notel 


Ice 


Supply Current > 




400 


mA 


T A = 25°C 


lu 


Input Leakage Current 




+10 


M 


0V< V IN < Vcc 


VcL 


Clock Input 
Low Voltage 


-0.5 


+0.6 


V 




VCH 


Clock Input 
High Voltage 


3.8 


V cc + 0.5 


V 




C|N 


Input Capacitance 




20 


PF 


fc = 1 MHz 



NOTES: 

Iol = 8 mA and l 0H = -0.2 mA (Typically l 0L = 10 mA and Ioh = -0.88 mAj 



A.C. Testing Load Circuit 



CAS aq 
8207 AA °" 3 

A0 0-8 

Other Outputs 




RAS 



R RAS = 39Q 
r cas = 3 ? Q 



R A0 -22Q 
R L = 39Q 



1^^^ "CCAS 
T* - ^A0 

^ C RAS ==15 °P F 
C CAS = 150 P F 

C A0 = 380 pF 



C L = 150 pF 



A.C. Testing Input, Output Waveform 




A.C. Testing inputs (except clock) are driven at 
2.4V for a logic "1" and 0.45V for a logic "0" 
(clock' is driven at 4.0V and 0.45V for logic "1" 
and "0" respectively). Timing measurements are 
made at 2.0V, 2.4V for logic "1 " and 0.8 V for logic 
"0". 
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A.C. CHARACTERISTICS 

(T A = 0°C to 70°C; V cc = +5V ± 10% for 8207; ± 5% for 8207-2, 8207-5; V ss - 0V) 
Measurements made with respect to RAS W , CAS^ , AO^ , are at 2.4V and 0.8V. All other pins are measured 
at 2.0V and 0.8V. All times in nsec unless otherwise indicated. Testing done with specified test load. 
CLOCK AND PROGRAMMING 









8207 & 8207-2 


8207-5 






Ref. 


Symbol 


Parameter 


Mln. 


Max. 


Mln. 


Max. 


Units 


Notes 





tF 


Clock Fall Time 




10 




10 


ns 


35 





tR 


Clock Rise Time 




10 




10 


ns 


35 


1 


TCLCL 


Clock Period 8207 
8207 
8207-2 


62.5 
125 
125 


250 
500 
500 


200 


500 


ns 
ns 


1 
2 
3 


2 


TCL 


Clock Low Time 8207 
8207 
8207-2 


15 

TCLCL/2-12 
TCLCL/2-12 


230 


TCLCL/2-12 




ns 
ns 
ns 


1 
2 
3 


3 


TCH 


Clock High Time 8207 
8207 
8207-2 


20 

TCLCLfc-3 
TCLCL/3-3 


235 


TCLCL/33 




ns 
ns 
ns 


1 
2 
3 


4 


TRTVCL 


Reset to CLIO Setup 


40 




65 




ns 


4 


5 


TRTH 


Reset Pulse Width 


4 TCLCL 




4 TCLCL 




ns 




6 


TPGVRTL 


PCTL, PDI, RFRQ to RESET* Setup 


125 




200 




ns 


5 


7 


TRTLPGX 


PCTL, RFRQ to RESET* Hold 


10 




10 




ns 




8 


TCLPC 


PCLK from CLK* Delay 




45 




65 


ns 




9 


TPDVCL 


POIn to CLKI Setup 


60 




100 




ns 




10 


TCLPDX 


PDIn to CLKI Hold 


40 




65 




ns 


6 
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A.C. CHARACTERISTICS (Continued) 
RAM WARM-UP AND INITIALIZATION 



64 


TCLV\fZL 


WZ from CLKI Delay 




40 




65 


ns 


r 7 


SYNCHRONOUS \*P PORT INTERFACE 


ir 


TPEVCL 


PE to CLK* Setup 


30 




50 






2 


12 


TKVCL 


RD, WR, PE, PCTL to CLKI Setup 


20 




30 




ns 


1 


13 


TCLKX 


RD* WR, PE, PCTL to CLKI Hold 


0 




, 0 




n$ 




14 


TKVCH 


RD, WR, PCTL to CLKf Setup 


20 




30 




ns 


2 


ASYNCHRONOUS /<P PORT INTERFACE 


15 


TRWVCL 


RD, WR to CLK* Setup 


30 




30 




ns 


8,9 


16 


TRWL 


RD, WR Pulse Width 


2TCLCL+30 




2TCLCL+50 




ns 




17 


TRWLPEV 


PE from RD, WR* Delay 8207 
8207 
8207-2 




TCLCL-20 
TCLCL-30 
TCLCL-30 




TCLCL-50 


ns 
ns 
ns 


1 
2 
3 


18 


TRWLPEX 


PE to RD, WRIHold 


2TCLCL+30 




2TCLCL+50 




ns 




19 


TRWLPTV 


PCTL from RD, WR1 Delay 




TCLCL-30 




TCLCL-50 


ns 


2 


20 


TRWLPTX 


PCTL to RD, WR* Hold 


2TCLCL+30 




2TCLCL+50 




ns 


2 


21 


TRWLPTV 


PCTL from RD, WR! Delay 




2TCLCL-20 






ns 


1 


22 


TRWLPTX 


PQTL to RD, WR* Hold 


3TCLCL+30 








ns 


1 
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A.C. CHARACTERISTICS (Continued) 
RAM INTERFACE 



Ref. 


Symbol 


Parameter 


8207 & 8207-2 


8207-5 


Units 


Notes 


Min. 


wiax. 


Min. 


Max. 


OO. 
CO 




Al AU DC *r\ UL Catnn 
AL, Afl, DO IO VsLIVt OBIUp 


35 + lAoH 




55 + tASR 




ns 


1U 


24 


TCLAX 


AL AH RS TO CLK1 Hold 


0 




0 








25 


TCLLN 


LEN from CLK* Delay 




35 




55 


ns 




26 


TCLRSL 


RAS* from CLK* Delay 




35 




55 


ns 




28 


TCLRSH 


RASt from CLK* Delay 




50 




70 


ns 




27 


tRCD 


RAS to CAS Delay 


75 

TCLCL-25 




60 




ns 
ns 
ns 


11,13,14 
12,13,14 
1,13,14 


29 


tRAH 


Row AO to RAS* Hold 


TCLCU4-10 
40 

TCLCL/2-10 
90 




30 




ns 

ns 
ns 


11,13,15 
12 13 15 
1,13,15,16 
13,15,17 


30 


tASR , 


Row AO to RAS* Setup 












10,18 


31 


tASC 


Column AO to CAS* Setup 


5 

c 
O 

TCLCL/2-26 




5 




ns 
ns 


11,13,19,20 
12 13 19 
1,13,19 


32 


tCAH 


Column AO to CAS Hold 




(See DRAM Interface Tables) 




21 


33 


TCLCSL 


CAS* from CLK* Delay 


TCLCL^ 
4+30 


TCLCL/1.8+53 


TCLCL/ 
4+30 


TCLCL/1.8+78 


ns 
ns 


11 
12 


34 


TCLCSL 


CAS* from CLK* Delay 




35 






ns 


1 


36 


TCLCSH 


CASt from CLK* Delay 




50 




70 


. ns 




36 


TCLW 


WE from CLK* Delay 




35 




55 


ns 




37 


TCLTKL 


XACK* from CLK* Delay 




35 




55 


ns 




38 


TRWLTKH 


XACKt from RDt, WRt Delay 




50 




60 


" ns 




39 


TCLAKL 


AACK* from CLK* Delay 




35 




55 


ns 




40 


TCLAKH 


AACKt from CLK* Delay 




50 




70 


ns 




41 


TCLDL 


DBM from CLK* Delay 




35 




55 


ns 




ECC INTERFACE 




42 


TWRLFV 


f=WR from WR* Delay 8207 
8207-2 




2TCLCL-40 
TCLCL+ 
TCL-40 




TCLCL+ 
TCL-65 


ns 
ns 


1,22 
2,22 


43 


TFVCL 


FWR to CLK* Setup 


40 




65 




ns 


23 


44 


TCLFX 


FWR to CLK* Hold 


0 




0 




ns 


24 


45 


TEVCL 


ERROR to CLK* Setup 


20 




30 




ns 


25,26 


46 


TCLEX 


ERROR to CLK* Hold 


0 




0 




ns 




47 


TCLRL 


R/W from CLKi Delay 




40 




55 


ns 




48 


TCLRH 


R/Wt from CLK* Delay 




50 




70 


ns 




49 


TCEVCL 


CE to CLK* Setup 


20 




30 




ns 


25,27 


50 


TCLCEX 


CE to CLK* Hold 


0 




0 




ns 




51 


TCLES 


ESTB from CLK* Delay 




35 




55 


ns 
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A.C. CHARACTERISTICS (Continued) 

PORT SWITCHING AND LOCK 









8207 & 9207-2 


8207-5 






Ref. 


Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Notes 


52 


TCLMV 


MUX from CLK* Delay 




45 




65 


ns 




53 


TCLPNV 


PSEN from CLKI Delay 


TCL 


60 


TCL 


60 


ns 


28 






TCL 


TCL+35 


TCL 


TCL+35 


ns 


29 


54 


TCLPSV 


PSEL from CLKl 




35 




55 


ns 




55 


TLKVQL 


LOCK to CLia Setup 


30 




50 




ns 


30,31 


56 


TCLLKX 


LOCK to CLK* Hold 


10 




10 




ns 


30,31 


57 


TRWLLKV 


LOCK from RDi, WFU Delay 




2TCLCL-30 




2TCLCL-50 


ns 


31,32 


58 


TRWHLKX 


LOCK to RDt, WRt Hold 


3TCLCL+30 




3TCLCL+50 




ns 


31,32 


REFRESH REQUEST 


59 


TRFVCL 


RFRQ to CLKI Setup 


20 




30 




ns 




60 


TCLRFX 


RFRQ to CLKi Hold 


10 




10 




ns 




61 


TFRFH 


Failsafe RFRQ Pulse Width 


TCLCL+30 




TCLCL+50 




ns 


33 


62 


TRFXCL 


Single RFRQ Inactive to CLKI Setup 


20 




30 




ns 


34 


63 


TBRFH 


Burst RFRQ Pulse Width 


2TCLCL+30 




2TCLCL+50 




ns 


33 



NOTES: 

1 Specification when programmed in the Fast Cycle processor mode (iAPX 286 mode). 

2 Specification when programmed in the Slow Cycle processor mode (iAPX 186 mode). 

3. Must be programmed in Slow Cycle processor mode. 

4. RESET is internally synchronized to CLK. Hence a set-up time is required only to guarantee its recognition at a particular clock edge. 

5 The first programming bit (PDO) is also sampled by RESET going low. 

6 TCLPDX is guaranteed if programming data is shifted using PCLK. 

7 WZ is issued only in ECC mode. 

8. TRWVCL is not required for an asynchronous command except to guarantee its recognition at a particular clock edge. 

9. Valid when programmed in either Fast or Slow Cycle mode. 

10. tASR is a user specified parameter and its value should be added accordingly to TAVCL. 

11. When programmed in Slow Cycle mode and 125 ns < TCLCL < 200 ns. 

12. When programmed in Slow Cycle mode and 200 ns < TCLCL. 
13 Specification for Test Load conditions. 

14. tRCD (actual) = tRCD (specification) +0.06 (ACd as ) - 0.06 (ACf^s) where AC = C (test load) - C (actual) in pF. (These are first order approximations.) 

15. tRAH (actual) = tRAH (specification) + 0.06 (ACp AS ) • 0.052 (AC Au ) where AC = C (test load) - C (actual) in pF. (These are first order approximations.) 

16. When programmed in Fast Cycle mode (8207 oniy) and 62.5 ns < TCLCL < 200 ns. 
17 When programmed in Fast Cycle mode (8207 only) and 200 ns < TCLCL. 

18. tASR (actual) = tASR (specification) +0 06 (AC A0 ) - 0.025 (AC RAS ) where AC = C (test load) - C (actual) in pF. (These are first order approximations.) 

19. tASC (actual) • tASC (specification) +0.06 (AC A0 ) - 0.025 (AC CAS ) where AC = C (test load) - C (actual) in pF. (These are first order approximations.) 

20. tASC is a function of clock frequency and thus varies with changes in frequency A mimimum value is specified. 

21. See 8207 DRAM Interface Tables 14-18. 

22. TWRLFV is defined for both synchronous and asynchronous FWR. In systems in which FWR is decoded directly from the address inputs to the 8207. TCLFV is 
automatically guaranteed by TCLA V. 

23. TFVCL is defined for synchronous FWR 

24. TCLFV is defined fa both synchronous and asynchronous FWR In systems in which FWR is decoded directly from the address inputs to the 8207. 
TCLFV i s automatically guaranteed by TCLAV. 

25 ERROR and CE are set-up to CLK4 in fast_cycle mode and CLKt in slow cycle mode. 

26. ERROR is set-up to the same edge as R/W is referenced to, in RMW cycles 

27. CE is set-up to the same edge as WE is referenced to in RMW cycles. 

28. Specification when TCL < 25 ns. 
29 Specification when TCL > 25 ns. 

30. Synchronous operation only. Must arrive by the second clock falling edge after the clock edge which recognizes the command in order to be effective , 

31 . LOCK must be held active for the entire period the opposite port must be locked out. One dock after the release of LOCK the opposite port will be able to obtain 
access to memory. 

32. Asynchronous mode only. In this mode a synchronizer stage is used internally in the 8207 to synchronize up LOCK. TRWLLKV and TRWHLKX are only 
required for guaranteeing that LOCK will be recognized for the requesting port, but these parameters are not required for correct 8207 operation 

33. TFRFH and TBRFH pertain to asynchronous operation only. 

34. Single RFRQ cannot by supplied asynchronously 

35. tR and tF are referenced from the 3.5V and 1 .0V levels. 
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WAVEFORMS 

Clock and Programming Timings 



CLK 

RESET 
PCTL 

REFRQ 
PDI 

MUX/PCLK' 




RAM Warm-up and Memory Initialization Cycles 



CLK. 
RESET. 



rts! 



WE 



WZ 



R/W. 



-fJ- 



PROGRAMMING 



JT 



JT 




RESET 



FIRST RAM WARM-UP CYCLE 



LAST RAM WARM-UP OR 
INITIALIZATION CYCLE 



NOTES: 

1. When in non-ECC mode or in ECC mode with the TM2 programming bit on, there are no initialization cycles, 
when in ECC mode with TM2 off, the dummy cycles are followed by initialization cycles. 



2. The present example assumes a RAS four clocks long. 
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WAVEFORMS (Continued) 
Synchronous Port Interface 




COMMAND MODE/ • 
FASTCYCLE 
H5, Wff, PF 



COMMAND MODE/ 
FAST CYCLE 
PCTL (INHIBIT) 



COMMAND MODE/ 
FAST CYCLE 
i INTERNAL INHIBIT 



SLOW CYCLE 
BD.WR 



® 



SLOW CYCLE 
PE 



SLOW CYCLE 
PCTL 



— ® 



INTERNAL 
CYCLE REQUEST 



-7 C 



® 



® 



® 



r 



NOTE: 

Refer to Tables 12, 13 when using A.C. timing waveforms 
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WAVEFORMS (Continued) 
Asynchronous Port Interface 



CLK. 



FAS]7SLOW CYCLE 
RD, WR 



—®- 



FAST/SLOW CYCLE, 
Pi 



SLOW CYCLE 
PCTL 



FAST CYCLE 
PCTL (INHIBIT) 



FAST CYCLE 
INTERNAL INHIBIT 



INTERNAL 
CYCLE REQUEST 



-®- 



-®- 



— ®-h 



r 



-®- 



f 
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WAVEFORMS (Continued) 
RAM Interface Timing 
ECC and Non-ECC Mode 



COMMAND ~\ 



INTERNAL 
CYCLE REQUEST , 



r 



AL 0 -AL 8 ~®A 

AH 0 .AH 8 y 
BS 0 - BS-, — Afc- 



LEN « 



RAS- 



AO 0 - A0 8 



CAS 



WE 



XACK - 



AACK . 



DBM 



® 



® 



-®- 



J? 



-®- 



® 



® 



-®- 



® 



® 



® 



® 



— ®— 



® 



J? 



Note: 

Dashed waveform indicates that either clock edge may cause the signal transition 
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WAVEFORMS (Continued) 
Port Switching and Lock Timing 



clk . 



COMMAND. 
PORTA 



COMMAND—- 
PORT B \_ 



MUX • 



PORTA 



RAS • 



PSEN- 



PSEL. 



PORTA 



LOCK < 



FAST CYCLE 

INTERNAL LOCK 
DISABLE 



PORT B X 



V 



PORTA 



® 



3 _ PORT B ± PORTA 



ML. 



JML 



B IF LOCK = 0 



■(sH-®— 



t: 



NOTE: 

Transients during MUX switching. 



Refresh Request Timing 



clk • 



FAILSAFE REFRESH 
REQUEST 



SINGLE REFRESH 
REQUEST — 



BURST REFRESH 
REQUEST - 



-<sH 



• — ® — Hi—®— — 



® 



® 



X 



-®— 



-® 



-® 
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WAVEFORMS (Continued) 
ECC Interface Timing 



CLOCK 0 



CLK - 



COMMAND- 
ER) 



INTERNAL 
CYCLE REQUEST . 



FAST CYCLE 
FWR 



SLOW CYCLE " 
FWft 



ERROR 



R/W- 



XACK- 



CE 



ESTB . 



WE 



r 



~ (43) 



VALID 



VALID 



(46)- 



VALID 



VAUO 



-(48) 



J 



51)- 



2?- 



(36) 



fL 



NOTE: 

1 . This parameter is set-up to the falling edge of clock, as shown, for fast cycle configurations. It is set-up to the 
rising edge of clock if in slow cycle configurations. Table 13A shows which clock and clock edge these 
signals are set-up in the R/W L column. 

2. CE is set-up to the same edge as WE is referenced to in RMW cycles. 
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CONFIGURATION TIMING CHARTS Tab|es 10 and ^ gjve a deS dription of non-ECC and 

The timing charts that follow are based on 8 basic ECC system configurations based on the 8207's 
system configurations where the 8207 operates. PDO, PD3, PD4, PDIOand PD11 programming bits. 

Table 10. Non-ECC System Configurations 
Non-ECC Mode: PD0=0 



Timing Conf. 


CFS(PD3) 


RFS(PD4) 


EXT(PD10) 


FFS(PD11) 


Co 


iAPX286(0) 


FAST RAM(O) 


NOT EXT(O) 


10 MHZ(1) 


Co 


. iAPX286(0) 


FAST RAM(O) 


EXT(1) 


10MHZ(1) 


Co 


iAPX286(0) 


SLOWRAM(I) 


NOT EXT(O) 


10MHZ(1) 


Co 


iAPX286(0) 


SLOWRAM(1) 


EXT(1) 


10MHZ(1) 


Co 


iAPX286(0) 


FAST RAM(O) 


NOT EXT(O) 


16 MHZ(O) 


C 


iAPX286(0) 


SLOWRAM(1) 


NOT EXT(O) 


16 MHZ(O) 


Ci 


iAPX286(0) 


FAST RAM(O) 


EXT(1) 


16 MHZ(O) 


c 2 


IAPX286(0) 


SLOW RAM(1) 


EXT(1) 


16 MHZ(O) 


c 3 


iAPX186(1) 


FAST RAM(O) 


NOT EXT(O) 


8 MHZ(O) 


c 3 


iAPX186(1) 


SLOWRAM(1) 


NOT EXT(O) 


8 MHZ(O) 


c 3 


iAPX186(1) 


FAST RAM(O) 


EXT(1) 


8 MHZ(O) 


c 3 


iAPX186(1) 


FAST RAM(O) 


NOT EXT(O) 


5MHZ(1) 


c 3 


iAPX186(1) 


FAST RAM(O) 


EXT(1) 


5MHZ(1) 


• c 3 


iAPX186(1) 


SLOWRAM(1) 


NOT EXT(O) 


5MHZ(1) 


c 3 


iAPX186(1) 


SLOW RAM(1) 


EXT(1) 


5MHZ(1) 


c 4 


iAPX186(1) 


SLOWRAM(1) 


EXT(1) 


8 MHZ(O) 



Table 11. ECC System Configurations 

>: PD0=1 



Timing Conf. 


CFS(PD3) 


RFS(PD4) 


EXT(PD10) 


FFS(PD11) 


Co 


iAPX286{1) 


SLOW RAM(O) 


M/S EDCU(O) 


10 MHZ(O) 


Co 


iAPX286(1) 


SLOW RAM(O) 


M EDCU(1) 


10 MHZ(O) 


Co 


iAPX286(1) 


FAST RAM(1) 


M/S EDCU(O) 


10 MHZ(O) 


Co 


iAPX286(1) 


FAST RAM(1) 


M EDCU(1) 


10 MHZ(O) 


Co 


iAPX286(1) 


FAST RAM(1) 


M EDCU(1) 


16MHZ(1) 


C, 


iAPX286(1) 


SLOW RAM(O) 


M EDCU(1) 


16MHZ(1) 


c 2 


iAPX286(1) 


FAST RAM(1) 


M/S EDCU(O) 


16MHZ(1) 


c 3 


iAPX286(1) 


SLOW RAM(O) 


M/S EDCU(O) 


16MHZ(1) 


c 4 , 


iAPX186(0) 


SLOW RAM(O) 


M/S EDCU(O) 


5 MHZ(O) 


c 4 


iAPX186(0) 


FAST RAM(1) 


M/S EDCU(O) 


5 MHZ(O) 


c 4 


iAPX186(0) 


SLOW RAM(O) 


M EDCU(1) 


8MHZ(1) > 


C 4 


iAPX186(0) 


FAST RAM(1) 


M EDCU(1) 


8MHZ(1) 


c 5 


iAPX186(0) 


SLOW RAM(O) 


M/S EDCU(O) 


8 MHZ(1) 


c 5 


iAPX186(0) 


FAST RAM(1) 


M/S EDCU(O) 


8MHZ(1) 


c 6 


iAPX186(0) 


SLOW RAM(O) 


M EDCU(1) 


5 MHZ(O) 


c 6 


iAPX186(0) 


FAST RAM(1) 


M EDCU(1) 


5 MHZ(O) 
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Using the Timing Charts 

The notation used to indicate which clock edge 
triggers an output transition is "nt" or "nJ", where 
"n" is the number of clock periods that have passed 
since clock 0, the reference clock, and "t" refers to 
rising edge and "I to falling edge. A clock period is 
defined as the interval from a clock falling edge to 
the following falling edge. Clock edges are defined 
as shown below. 



Cycle iAPX286 mode, and thus it is not activated 
by a refresh cycle, although it may be activated 
by port A during a refresh cycle. 



3. ADDRESS - col 

becomes valid. 



is the time column address 



4. In non -ECC mode the CAS, EAACK, LAACK and 
XACK outputs are not issued during refresh. 

5. In ECC mode there are really seven types of 
cycles: Read without error, read with error, full 
write, partial write without error, partial write with 
error, refresh without error, and refresh with er- 
ror. These cycles may be derived from the timing 
chart as follows: 

A. Read without error: Use row marked 'RD, RP. 



(n 1)i nt ni (n+1)t (n+1)i B. Read with error: Use row marked 



The clock edges which trigger transitions on each 
8207 output are tabulated in Table 12 for non-ECC 
mode, and Table 13 for ECC mode. "H" refers to the 
high-going transition, and "UMo low-going transi- 
tion; "V" refers to valid, and "V" to non-valid. 

Clock 0 is defined as the clock in which the 8207 
begins a memory cycle, either as a result of a port 
request which has just arrived, or of a port request 
which was stored previously but could not be 
serviced at the time of its arrival because the 8207 
was performing another memory cycle. Clock 0 may 
be identified externally by the leading edge of RAS. 
which is always triggered on Oi. 

Notes for interpreting the timing charts. 

1. PSEL - valid is given as the latest time it can 
Occur. It is entirely possible for PSEL to become 
valid before the time given. In a refresh cycle, 
PSEL can switch as defined in the chart, but it 
has no bearing on the refresh cycle itself, but 
only on a subsequent cycle for one of the 
external ports. 

2. LEN - low is given as the latest time if can occur. 
LEN is only activated by port A configured in Fast 



'RMW, 

except for EAACK and LAACK, which should 
be taken from 'RD, RP. If the error is uncor- 
rectable, WE will not be issued. 

C. Full write: Use row marked 'WR\ 

D. Partial write witho ut err or: Use ro w marked 
'RMW, except that DBM and ESTB will not be 
issued. 

E. Partial write with error : Use row marked 
'RMW, except that DBM will not be issued. If 
the error is uncorrectable, WE will not be 
issued. 

F. Refresh without error: Use row marked 'RD, 
RF' ex cept that ESTB, EAACK, LAACK, and 
XACK will not be issued. 

G. Refresh with error: U s e row m a rked ' RMW 
excep t that EAACK, LAACK, ESTB, and 
XACK will not be issued. If the error is 
uncorrectable WE will not be issued. 

6. XACK - high is reset asynchronously by command 
going inactive and not by a clock edge. 

7. MUX - valid is given as the latest time it can occur. 
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Table 13 A. Timing Chart — ECC Mode 





PSEN 


PSEL 


DBM 


LEN 


RAS 


CAS 


R/W 


WE 


c„ 


CYCLE 


H 


L 


V 


V 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


H 


L 


Co 


RD, RF 


04 


54 


01 


61 


01 


61 


01 


21 


01 


41 


11 


61 










WR 


04 


54 


01 


61 






01 


21 


01 


61 


11 


61 


11 


61 


31 


61 


RMW 


04 


84 


01 


91 


01 


91 


01 


21 


01 


91 


11 


91 


41 


91 


61 


91 


Ci 


RD, RF 


04 


54 


or 


61 


01 


& 


01 


21 


01 


41 


11 


61 










WR 


04 


54 


01 


61 






01 


21 


01 


61 


11 


61 


11 


61 


31 


61 


RMW 


04 


84 


01 


91 


01 


91 


01 


21 


01 


91 


11 


91 


41 


91 


61 


91 


C 2 


RD, RF 


04 


64 


01 


71 


01 


71 


01 


21 


01 


51 


11 


71 ' 










WR 


04 


64 


01 


71 






01 


21 


or 


71 


11 


71 


11 


71 


41 


71 


RMW 


04 


104 


01 


111 


01 


1.11 


01 


21 


01 


111 


11 


111 


51 


111 


81 


111 


C 3 


RD, RF 


04 


64 


01 


71 


01 


71 


01 


21 


01 


51 


11 


71 










WR 


04 


64 


01 


71 






01 


21 


01 


71 


11 


71 


11 


71 


41 


71 


RMW 


04 


104 


01 


111 


01 


111 


01 


21 


01 


111 


11 


111 


51 


111 


81 


111 


Ca 


RD, RF 


04 


34 


01 


41 


01 


41 


01 


21 


01 


31 


01 


41 










WR 


04 


44 


01 


51 






01, 


21 


01 


51 


01 


51 


1t 


51 


3t 


51 


RMW 


04 


64 


01 


71 


01 


71 


01 


21 


01 


71 


01 


71 


3! 


71 


5t 


71 


C 5 


RD, RF 


04 


34 


01 


41 


01 


41 


01 


21 


01 


31 ' 


01 


41 










WR 


04 


44 


01 


51 






01 


21 


01 


51 


01 


51 


1! 


51 


3t 


51 


RMW 


04 


64 


01 


71 


01 


71 


01 


21 


01 


71 


01 


71 


3t 


71 


5? 


71 


C 6 


RD, RF 


04 


34 


01 


41 


01 


41 


01 


21 


01 


31 


01 


41 










WR 


04 


34 


01 


41 






01 


21 


01 


41 


01 


41 ' 


1t 


41 


2t 


41 


RMW 


04 


44 


01 


51 


01 


,51 


01 


21 


01 


51 


01 


, 51 


2t 


51 


3T 


51 



1 
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Table 13 B. Timing Chart — ECC Mode 







COLADDR 


ESTB 


EAACK 


LAACK 


XACK 


MUX 




CYCLE 


V 


V 


L 


H 


L 


H 


L 


H 


L 


H 


V 


V 


Co 


RD, RF 


04 


24 






24 


54 


34 


64 


44 


RD 


-24 


24 


WR 


04 


24 






24 


54 


24 


54 


44 


WR 


-24 


24 


RMW 


04 


24 


64 


84 


64 


84 


54 


84 


74 


WR 


-24 


24 


Ci 


RD, RF 


04 


34 






34 


64 


34 


64 


44 


RD 


-24 


24 


WR 


04 


34 






24 


54 


24 


54 


44 


WR 


-24 


24 


RMW 


04 


34 


64 


84 


54 


84 


54 


84 


74 


WR 


-24 


24 


c 2 


RD, RF 


04 


34 






44 


74 


44 


74 


54 


RD 


-24 


24 


WR 


04 


34 






34 


64 


34 


64 


54 


WR 


-24 


24 


RMW 


01 


34 


84; 


104 


74 


104 


74 


104 


94 


WR 


-24 


24 


c 3 


RD, RF 


04 


34 






44 


74 


54 


84 


54, 


RD 


-24 


24 


WR 


01 


34 






34 


64 


34 


64 


54 


WR 


-24 


24 


RMW 


04 


34 


84 


104 


74 


104 


74 


104 


94 


WR 


-24 


24 


c 4 


RD, RF 


04 


24 






14 


34 


2t 


41 


3t 


RD 


-14 


24 


WR 


04 


24 






14 


34 


2t 


4t 


34 


WR 


M4 


24 


RMW 


04 


24 


5t 


6t 


34 


54 


4t 


6t 


54 


WR 


-14 


24 


c 5 


RD, RF 


04 


24 






24 


44 


3t 


5t 


3t 


RD 


-14 


24 


WR 


04 


24 






14 


34 


2t 


4f, 


•34 


WR 


-14 


24 


RMW 


04 


24 


5t 


6t 


34 


54 


4t 


6t 


54 


WR 


-14 


24 


c 6 


RD, RF 


04 


24 






14 


34 


1t 


3t 


2t 


RD 


-14 


24 


WR 


04 


24 






14 


34 


1t 


3t 


24 


WR 


-14 


24 


RMW 


04 


24 


3t 


4t 


14 


34 


2t 


4t 


34* 


WR 


-14 


24 
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8207 — DRAM Interface Parameter Equations 

Several DRAM parameters, but not all, are a direct 
function of 8207 timings, and the equations for 
these parameters are given in the following tables. 
The following is a list of those DRAM parameters 
which have NOT been included in the following 
tables, with an explanation for their exclusion. 

READ, WRITE, READ-MODI FY-WRITE & 
REFRESH CYCLES 

tRAC: response parameter. 

tCAC: response parameter. 

tREF: See "Refresh Period Options" 

tCRP: must be met only if CAS-only cycles, 
which do not occur with 8207, exist. 

tRAH: See "A.C. Characteristics" 

tRCD: See "A.C. Characteristics" 

tASC: See "A.C. Characteristics" 

tASR: See "A.C. Characteristics" 

tOFF: response parameter. 

READ & REFRESH CYCLES 

tRCH: WE always goes active after CAS goes 
active, hence tRCH is guaranteed by 
tCPN. 



WRITE CYCLE 

tRC: guaranteed by tRWC. 

tRAS: guaranteed by tRRW. 

tCAS: guaranteed by tCRW. 

tWCS: WE always activated after CAS is acti- 
vated, except in memory initialization, 
hence tWCS is always negative (this is 
important for RMW only) except in mem- 
ory initialization; in memory initialization 
tWCS is positive and has several clocks of 
margin. 

tDS: system-dependent parameter. 
tDH: system-dependent parameter. 
tDHR: system-dependent parameter. 

READ-MODI FY-WRITE CYCLE 

tRWD: dor\'t care in 8207 write cycles, but tabu- 
lated for 8207 RMW cycles. 
tCWD: don't care in 8207 write cycles, but tabu- 
. lated for 8207 RMW cycles. 



Table 14. Non-ECC Mode - RD, RF Cycles 



Parameter 


Fast Cycle Configurations 


Slow Cycle Configurations 


Notes 


Co 


C 


C 2 


C 3 


C 4 


tRP 


3TCLCL— T26 


4TCLCL-T26 


4TCLCL-T26 


2TCLCL— T26 


2TCLCL-T26 


1 


tCPN 


3TCLCL-T35 


3TCLCL— T35 


3TCLCL-T35 


2.5TCLCL-T35 


2.5TCLCL-T35 


1 


tRSH 


2TCLCL-T34 


3TCLCL— T34 


3TCLCL-T34 


3TCLCL-T34 


4TCLCL— T34 


1 


tCSH 


4TCLCL— T26 


6TCLCL-T26 


6TCLCL— T26 


3TCLCL-T26 


4TCLCL— T26 


1 


tCAH 


TCLCL-T34 


2TCLCL— T34 


2TCLCL-T34 


2TCLCL— T34 


2TCLCL— T34 


1 


tAR 


2TCLCL-T26 


3TCLCL-T26 


3TCLCL— T26 


2TCLCL— T26 


2TCLCL— T26 


1 


tT 


3/30 


3/30, 


3/30 


3/30 


3/30 


2 


tRC 


6TCLCL 


8TCLCL 


8TCLCL 


5TCLCL 


6TCLCL 


1 


tRAS 


3TCLCL-T26 


4TCLCL-T26 


4TCLCL-T26 


3TCLCL— T26 


4TCLCL— T26 


1 


tCAS 


3TCLCL-T34 


5TCLCL-T34 


5TCLCL-T34 


3TCLCL— T34 


4TCLCL— T34 


1 


tRCS 


2TCLCL— TCL 
-T36-TBUF 


2TCLCL— TCL 
-T36-TBUF 


2TCLCL— TCL 
-T36-TBUF 


1.5TCLCL— TCL 
-T36-TBUF 


1.5TCLCL— TCL 
-T36-TBUF 


1 
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Table 12 A. Timing Chart — Non-ECC Mode 





PSEN 


PSEL 


DBM 


LEN 


RAS 


CAS 


WE 




CYCLE 


H 


L 


V 


V 


L 


H 


L 


H 


L 


H 


L 


H 


H 


L 


Co 

u 


RD, RF 


04 


34 


04 


44 


04 


44 


04 


24 


04 


34 


14 


: 44 






WR 


04 


44 


04 


'54 






04 


24 


04 


54 


14, 


54 


24 


54 


Ci 


RD, RF 


04 


54 


04 


64 


04 


64 


04 


24* 


04 


44 


14 


64 






WR 


04 


44 


04 


54 






04 


24 


04 


54 


14 


54 


24 


54 


c 2 


RD, RF 


04 


54 


04 


64 


04 


64 


04 


24 


04 


44 


14 


64 






WR 


04 


44 


04 


54 






04 


24 


04 


54 


14 


54 


24 


54 


c 3 


RD, RF 


04 


24 


04 


34 


04 


34 


04 


24 


04 


34 


04 


34 






WR 1 


01 


34 


04 


44 






04 


24 


04 


44 


04 


44 


2t 


44 


c 4 


RD, RF 


04 


34 


04 


44 


04 


44 


04 


24 


04 


44 , 


04 


44 






WR 


01 


34 


04 


44 






04 


24 


04 


44 


04 


44 


2t 


44 



Table 12 B. Timing Chart — Non-ECC Mode 





COL ADDR 


EAACK 


LAACK 


XACK 


MUX 


c„ 


CYCLE 


V 


V 


L 


H 


L 


H 


L 


H 


V 


V 


Co 


RD, RF 


04 


24 


14 


44 


24 


54 


34 


RD 


-24 


24 


WR 


04 


24 


14 


44 


14 


44 


34 


WR 


-24 


24 


c; 


RD, RF 


04 


34 


24 


54 


24 


54 


44 


RD 


-24 


24 


WR 


04 


34 


14 


44 


14 


44 


34 


WR 


-24 


24 


c 2 


RDi RF 


04 


34 


24 


54 


34 


64 


44 


RD 


-24 


.24 


WR 


04 


34 


14 


44 


14 


44 


34 


WR 


-24 


24 


c 3 


RD, RF 


04 


24 


04 


24 


,14 


34" 


24 


RD 


-14 


24 


WR 


04 


24 


04 


24 


1t 


3t 


24 


WR 


-14 


24 


c 4 


RD, RF 


04 


24 


14 


34 


14 


34 


3t 


RD 


-14 


24 


WR 


04 


24 


04 


24 


1t 


3t 


24 


WR 


-14 


24 
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Table 15. Non-ECC Mode - WR Cycle 



Parameter 


Fast Cycle Configurations 


Slow Cycle Configurations 




Co 


Ci 


C 2 


C 3 


C 4 


Notes 


tRP 


3TCLCL— T26 


3TCLCL— T26 


3TCLCL-T26 


2TCLCL-T26 


2TCLCL-T26 


1 


tCPN 


4TCLCL-T35 


4TCLCL— T35 


4TCLCL— T35 


2.5TCLCL-T35 


2.5TCLCL-T35 


1 


tRSH 


4TCLCL-T34 


4TCLCL-T34 


4TCLCL— T34 


4TCLCL— T34 


4TCLCL-T34 


1 


tCSH 


5TCLCL-T26 


5TCLCL-T26 


5TCLCL-T26 


4TCLCL-T26 


4TCLCL— T26 


1 


tCAH 


TCLCL-T34 


2TCLCL-T34 


2TCLCL-T34 


2TCLCL-T34 


2TCLCL-T34 


1 


tAR 


2TCLCL-T26 


3TCLCL— T26 


3TCLCL— T26 


2TCLCL— T26 


^TCLCL-T26 


1 


tT 


3/30 


3/30 


3/30 


3/30 


3/30 


2 


tRWC 


8TCLCL 


8TCLCL 


8TCLCL 


6TCLCL 


6TCLCL 


1 


tRRW 


5TCLCL— T26 


5TCLCL— T26 


5TCLCL— T26 


4TCLCL-T26 


4TCLCL-T26 


1 


tCRW 


4TCLCL-T34 


4TCLCL-T34 


4TCLCL— T34 


4TCLCL-T34 


4TCLCL-T34 


1 


tWCH 


3TCLCL+TCL 
-T34 


3TCLCL+TCL 
-T34 


3TCLCL+TCL 
-T34 


3TCLCL+TCL 
-T34 


3TCLCL+TCL 
-T34 


1,3 


tWCR 


4TCLCL+TCL 
-T26 


4TCLCL+TCL 
-T26 


4TCLCL+TCL 
-T26 


3TCLCL+TCL 
-T26 


3TCLCL+TCL 
-T26 


1, 3 


tWP 


2TCLCL+TCL 
-T36-TBUF 


2TCLCL+TCL 
-T36-TBUF 


2TCLCL+TCL 
-T36-TBUF 


2TCLCL— T36 
-TBUF ; 


2TCLCL-T36 
-TBUF 


1 


tRWL 


3TCLCL— T36 
— TBUF 


3TCLCL— T36 
-TBUF 


3TCLCL-T36 
-TBUF 


3TCLCL— TCL 
-T36-TBUF 


3TCLCL— TCL 
— T36— TBUF 


1 


tCWL 


3TCLCL— T36 
-TBUF 


3TCLCL— T36 
-TBUF 


3TCLCL— T36 
-TBUF 


3TCLCL— TCL 
-T36-TBUF 


3TCLCL— TCL 
— T36— TBUF 


1 
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Table 16 A. ECC Mode — RD, RF Cycles 





Fast Cycle Mode 


Parameter 


Co 


Ci 


C 2 


C 3 


Notes 


tRP 


4TCLCL-T26 


4TCLCL-T26 


4TCLCL— T26 


4TCLCL— T26 


1 


tCPN 


3TCLCL— T35 


3TCLCL-T35 


3TCLCL-T35 


3TCLCL— T35 


1 


tRSH 


3TCLCL— T34 


3TCLCL-T34 


4TCLCL-T34 


4TCLCL-T34 


1 


tCSH 


6TCLCL— T26 


6TCLCL-T26 


7TCLCL-T26 


7TCLCL— T26 


1 


tCAH 


TCLCL-T34 


2TCLCL— T34 


2TCLCL— T34 


2TCLCL-T34 


1 


tAR 


2TCLCL— T26 


3TCLCL— T26 


3TCLCL— T26 


3TCLCL— T26 


1 


tT 


3/30 


3/30 


3/30 


3/30 


2 


tRC 


8TCLCL 


8TCLCL 


9TCLCL 


9TCLCL 


1 


tRAS 


4TCLCL— T26 


4TCLCL— T26 


5TCLCL-T26 


5TCLCL— T26 


1 


tCAS 


5TCLCL-T34 


5TCLCL— T34 


6TCLCL— T34 


6TCLCL— T34 


1 


tRCS 


TCLCL-T36 


TCLCL-T36 


TCLCL-T36 


TCLCL-T36 


1 




— TBUF 


-TBUF 


-TBUF 


-TBUF 





Table 16 B. ECC Mode - RD, RF Cycles 





Slow Cycle Mode 


Parameter 


C 4 


c 5 


C 6 


Notes 


tRP 


2TCLCL— T26 


2TCLCL-T26 


2TCLCL— T26 


1 


tCPN 


1.5TCLCL-T35 


1.5TCLCL— T35 


1.5TCLCL-T35 


1 


tRSH 


3TCLCL— T34 


3TCLCL— T34 


3TCLCL— T34 


1 


tCSH 


4TCLCL— T26 


4TCLCL-T26 


4TCLCL— T26 


1 


tCAH 


2TCLCL— T34 


2TCLCL— T34 


2TCLCL-T34 


1 


tAR 


2TCLCL— T26 


2TCLCL— T26 


2TCLCL— T26 


1 


tT . 


3/30 


3/30 


3/30 


2 


tRC 


5TCLCL 


5TCLCL 


5TCLCL 


1 


tRAS 


3TCLCL— T26 


3TCLCL-T26 


3TCLCL— T26 


1 


tCAS 


4TCLCL— T34 


4TCLCL-T34 


4TCLCL-T34 


1 


tRCS 


0.5TCLCL-T36 


0.5TCLCL-T36 


0.5TCLCL-T36 


1 




-TBUF 


-TBUF 


-TBUF 
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Table 17 A. ECC Mode - WR Cycle 





Fast Cycle Mode 


Parameters 


Co 


Ci 


c 2 


C 3 


Notes 


tRP 


3TCLCL-T26 


3TCLCL— T26 


3TCLCL-T26 


3TCLCL— T26 


1 


tCPN 


4TCLCL-T35 


4TCLCL—T35 


4TCLCL-T35 


4TCLCL— T35 


1 


tRSH 


5TCLCL-T34 


5TCLCL— T34 


6TCLCL-T34 


6TCLCL— T34 


1 


tCSH 


6TCLCL-T26 


6TCLCL— T26 


7TCLCL-T26 


7TCLCL-T26 


1 


tCAH 


TCLCL-T34 


2TCLCL-T34 


2TCLCL-T34 


2TCLCL-T34 


1 


tAR 


2TCLCL-T26 


3TCLCL-T26 


3TCLCL— T26 


3TCLCL-T26 


1 


tT 


3/30 


3/30 


3/30 


3/30 


2 


tRWC 


9TCLCL 


9TCLCL 


10TCLCL 


10TCLCL 


1 


tRRW 


6TCLCL— T26 


6TCLCL-T26 


7TCLCL-T26 


7TCLCL-T26 


1 


tCRW 


5TCLCL-T34 


5TCLCL-T34 


. 6TCLCL— T34 


6TCLCL— T34 


1 


tWCH 


5TCLCL— T34 


5TCLCL-T34 


6TCLCL-T34 


6TCLCL-T34 


1.4 


tWCR 


6TCLCL— T26 


6TCLCL-T26 


7TCLCL-T26 


7TCLCL-T26 


1.4 


tWP 


3TCLCL-T36 


3TCLCL— T36 


3TCLCL— T36 


3TCLCL— T36 


1 „ 




— TBUF 


-TBUF 


-TBUF 


-TBUF 




tRWL 


3TCLCL— T36 


3TCLCL— T36 


3TCLCL— T36 


3TCLCL— T36 


1 




-TBUF 


-TBUF 


-TBUF 


-TBUF 




tCWL 


3TCLCL-T36 


3TCLCL— T36 


3TCLCL— T36 


3TCLCL— T36 


1 




-TBUF 


-TBUF 


-TBUF 


-TBUF 
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Table 17 B. ECC Mod* - WR Cycle 





Slow Cycle Mode 


Parameters 


C 4 


Cs 


Ce 


Notes 


tRP 


2TCLCL-T26 


2TCLCL-T26 


2TCLCL— T26 


1 


tCPN 


2.5TCLCL-T35 


2.5TCLCL-T35 


2.5TCLCL-T35 


1 


tRSH 


5TCLCL-T34 


5TCLCL—T34 


4TCLCL-T34 


1 


tCSH 


5TCLCL-T26 


5TCLCL-T26 


4TCLCL-T26 


1 


tCAH 


2TCLCL-T34 


2TCLCL-T34 


2TCLCL— T34 


1 


tAR 


2TCLCL-T26 


2TCLCL— T26 


2TCLCL-T26 


1 


tT 


3/30 


3/30 


3/30 


2 


tRWO 


7TCLCL 


7TCLCL 


6TCLCL 


"i 

1 


tRRW 


5TCLCL-T26 


5TCLCL-T26 


4TCLCL— T26 


1 


tCRW 


5TCLCL— T34 


5TCLCL-T34 


4TCLCL— T34 


1 


tWCH 


5TCLCL-T34 


5TCLCL— T34 


4TCLCL— T34 


1,4 


tWCR 


5TCLCL— T26 


5TCLCL— T26 


4TCLCL-T26 


1,4 


tWP 


3TCLCL— TCL 


3TCLCL— TCL 


3TCLCL— TCL 


1 




-T36— TBUF 


— T36— TBUF 


. -T36-TBUF 




tRWL 


3TCLCL— TCL 


3TCLCL-TCL 


3TCLCL— TCL 


1 




-T36-TBUF 


— T36— TBUF 


— T36—TBUF 




tCWL 


3TCLGL— TCL 


3TCLCL— TCL 


3TCLCL™ TCL 


1 




-T36-TBUF 


— T36— TBUF 


— T36— TBUF 
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Table 18 A. ECC Mode — RMW 





Fast Cycle Mode 


Parameters 


Co 


C1 


C 2 


C 3 


Notes 


tRP 


3TCLCL— T26 


3TCLCL— T26 


3TCLCL— T26 


3TCLCL-T26 


1 


tCPN 


4TCLCL— T35 


4TCLCL— T35 


4TCLCL-T35 


4TCLCL— T35 


1 


tRSH 


8TCLCL— T34 


8TCLCL— T34 


10TCLCL— T34 


10TCLCL— T34 


1 


tCSH » 


9TCLCL— T26 


9TCLCL-T26 


11TCLCL— T26 


11TCLCL— T26 


1 


tCAH 


TCLCL-T34 


2TCLCL— T34 


2TCLCL-T34 


2TCLCL— T34 


1 


tAR 


2TCLCL— T26 

— t 


3TCLCL— T26 


3TCLCL-T26 


3TCLCL-T26 


1 


tT 


3/30 


3/30 


3/30 


3/30 


2 


tRWC 


12TCLCL 


12TCLCL 


14TCLCL 


14TCLCL 


1 


tRRW 


9TCLCL— T26 


9TCLCL— T26 


11TCLCL— T26 


11TCLCL— T26 


1 


tCRW 


8TCLCL-T34 


8TCLCL— T34 


10TCLCL— T34 


10TCLCL-T34 


1 


tRCS 


TCLCL-T36 


TCLCL-T36 


TCLCL-T36 


TCLCL-T36 


1 




— TBUF 


-TBUF 


-TBUF 


-TBUF 




tRWD 


6TCLCL— T26 


6TCLCL-T26 


8TCLCL-T26 


8TCLCL-T26 


1 


tCWD 


5TCLCL— T34 


5TCLCL-T34 


7TCLCL— T34 


7TCLCL— T34 


1 


tWP 


3TCLCL— T36 


3TCLCL— T36 


3TCLCL-T36 


3TCLCL-T36 


1 




-TBUF 


-TBUF 


-TBUF 


-TBUF 




tRWL 


3TCLCL-T36 


3TCLCL— T36 


3TCLCL— T36 


3TCLCL— T36 


1 




-TBUF 


-TBUF 


-TBUF 


-TBUF 




tCWL 


3TCLCL— T36 


3TCLCL— T36 


3TCLCL-T36 


3TCLCL-T36 


1 




-TBUF 


-TBUF 


-TBUF 


-TBUF 
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Table 18 B. ECC Mode - RMW 



Parameters 


Slow Cycle Mode 


C 4 


C 5 


C 6 


Notes 


tRP 


2TCLCL-T26 


2TCLCL-T26 


2TCLCL— T26 




tCPN 


2.5TCLCL-T35 


2.5TCLCL-T35 


2.5TCLCL-T35 


1 


tRSH 


7TCLCL— T34 


7TCLCL— T34 


5TCLCL-T34 




tCSH 


7TCLCL— T26 


7TCLCL-T26 


5TCLCL-T26 




tCAH 


2TCLCL-T34 


2TCLCL-T34 


2TCLCL-T34 




tAR 


2TCLCL— T26 


2TCLCL— T26 


2TCLCL-T2$ 


1 


tT 


3/30 


3/30 


3/30 




tRWC 


9TCLCL 


9TCLCL 


7TCLCL 




tRRW 


7TCLCL— T26 


7TCLCL— T26 


5TCLCL-T26 




tCRW 


7TCLCL-T34 


7TCLCL— T34 


5TCLCL-T34 


— ^ 


tRCS 


0.5TCLCL-T36 
— TBUF 


0.5TCLCL-T36 
— TBUF 


0.5TCLCL-T36 
-TBUF 


1 


tRWD 


4TCLCL+TCL 
-T26 


4TCLCL+TCL 
-T26 


2TCLCL+TCL 
-T26 




tCWD 


4TCLCL+TCL 
-T34 


4TCLCL+TGL 
-T34 


2TCLCL+TCL 
-T34 




tWP 


3TCLCL— TCL 
-T36-TBUF 


3TCLCL— TCL 
-T36-TBUF 


3TCLCL— TCL 
-T36-TBUF 




tRWL 


3TCLCL— TCL 
-T36-TBUF 


3TCLCL— TCL 
-T36-TBUF 


3TCLCL— TCL 
-T36-TBUF 




tCWL 


3TCLCL— TCL 
-T36-TBUF 


3TCLCL— TCL 
-T36-TBUF 


3TCLCL— TCL 
-T36-TBUF 





NOTES: 

1. Minimum 

2. Value on right is maximum; value on left is minimum. 

3. Applies to the eight warm-up cycles during initialization only. 

4. Applies to the eight warm-up cycles and to the memory initilization 
cycles during initialization only. 

5. TP = TCLCL 
T26 = TCLRSL 
T34 = TCLCSL 
T35 = TCLCSH 
T36 = TCLW 

TBUF = TTL Buffer delay 
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8208 

DYNAMIC RAM CONTROLLER 



0 Wait State, 8 MHz iAPX 186, iAPX 
188, iAPX 86 and iAPX 88 Interface 

Provides all Signals necessary to 
Control 64K (2164A) and 256K 
Dynamic RAMs 

Supports Synchronous or 
Asynchronous 
Microprocessor Interfaces 

Automatic RAM Initialiation 



Directly Addresses and Drives up to 
1 Megabyte without External Drivers 

Microprocessor Data Transfer and 
Advance Acknowledge Signals 

Four Programmable Refresh Modes 

+5 Volt Only HMOSII Technology for 
High Performance and Low Power 



The Intel 8208 Dynamic RAM Controller is a high performance, systems oriented, Dynamic RAM controller 
that is designed to easily interface 64K and 256K Dynamic RAMs to Intel and other microcomputer systems. 
The 8208 is designed to easily interface to the iAPX 186, iAPX 188, iAPX 86, and the iAPX 88 by strapping 
the programming pin to logic 0. 




Figure 1 . Block Diagram and Pinout Diagram 



Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel 
Product. No Other Circuit Patent Licenses are Implied. Information Contained Herein Supercedes Previously Published 
Specifications On These Devices From Intel. June 1983 

©INTEL CORPORATION, 1983. 6-199 ORDER NUMBER 230734-001 
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Table 1 . Pin Description 



Symbol 


Pin 


Type 


Name and Function 


ALO 
AL1 
AL2 
AL3 
AL4 
AL5 
AL6 
AL7 
AL8 


5 
4 




ADDRESS LOW: These lower order address inputs are used to generate the row address 
for the internal address multiplexer. 


3 
2 
1 

47 
46 
45 
44 






BS 


6 


I 


BANK SELECT: This input is used to select one of the two banks of the dynamic RAM 
array as defined by the program-bit RB. 


AOO 
A01 
A02 
A03 
A04 
A05 
A06 
A07 
A08 


■7 

8 
9 
10 
11 
13 
14 
15 
16 


)OQO 


AOftDE rtl ITDI ITO" Thaefi SMitmitc ora HAcinnaH tf\ r\rr\\A/4a tlta rrwti anH r*r\lt imn 

Huuncoo vuiruiOi i iitJoo uuipuio ait? ueoiynou 10 proviue ir it? ruw etna coiurnn 
addresses, of either the CPU or the refresh counter, to the dynamic RAM array. These 
outputs drive the dynamic RAM array directly and need no external drivers. 


oooooc 




VSS 


12 
it 
22 
36 


I 
I 
I 
I 


GROUND 
GROUND 
GROUND 
GROUND 


RASO 
RAS1 


19 
18 


0 
0 


ROW ADDRESS STROBE: These outputs are used by the dynamic RAM array to latch 
the row address, present on the AOO-8 pins. These outputs are selected by the BS pin 
as programmed by program-bit RB. These outputs drive the dynamic RAM array directly 
and need no external drivers. 


CA|5 


21 
20 


o 

0 


COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to 
latch the column address, present on the AOO-8 pins. These outputs are selected by the 
BS pin as programmed by program-bit RB. These outputs drive the dynamic RAM array 
directly and need no external drivers. 


RESET 


23 


I 


RESET: This active high signal causes all internal counters to be reset and upon release 
of RESET, data appearing at the PDI pin is clocked-in by the PCLK output. The states 
of the PDI, PCTL and RFRQ pins are sampled by RESET going inactive and are used 
to program the 8208. An 8 cycle dynamic RAM warm-up is performed after clocking PDI 
bits into the 8208. 


we 

PCLK 


25 


0 


WRITE ENABLE/PROGRAMMING CLOCK: Immediately after a RESET this 
pin becomes PCLK and is used to clock serial programming data into the PDI pin. After 
the 8208 is programmed this active high signal provides the dynamic RAM array the write 
enable input for a write operation. 


VCC 


t 24 
48 


I 
I 


POWER: +5 Volts. 
POWER: +5 Volts. 


AACK/ 
XACK 


26 


6 


ADVANCE ACKNOWLEDGE/TRANSFER ACKNOWLEDGE: When the X programming bit 
is set to logic 0 this pin is AACK and indicates that the processor may continue process- 
ing and that data will be available, when required. This signal is optimized for the system 
uy (Jiuyiaininiriy ine o pruyram-Dii ror ©ynorironous or asyncnronous operation, in© o 
programming bit determines whether this strobe will be early or late. If another dynamic 
RAM cycle is in progress at the time of the new request, the AACK is delayed. When the 
X programming bit is set to logic 1 this pin is XACK and indicates that data on the bus 
is valid during a read cycle or that data may be removed from the bus during a write cy- 
cle. XACK is a MULTIBUS compatible signal. 


PCTL 


27 


I 


PORT CONTROL: This pin is sampled on the falling edge of RESET. It configures the 
8208 to accept command inputs or processor status inputs. If PCTL is low after RESET 
the 8208 is programmed to accept bus command inputs. If PCTL is high after RESET 
the 8208 is programmed to accept status inputs from iAPX 86 or iAPX 186 type processors. 
The §2 status line should be connected to this input if programmed to accept iAPX 86 
or iAPX 186 status inputs. When programmed to accept bus commands it should be tied 
iow or it may be connected to INHIBIT when operating with MULTIBUS. 


PE 


28 


I 


PORT ENABLE: This pin serves to enable a RAM cycle request. It is generally decoded 
from the address bus. 
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Table 1. Pin Description (Continued) 





Pin 

r in 


Tl/M 


naifiv afiM ruiiviion 


WR 


29 


I 


WRITE: This pin is the write memory request command input. This input also directly ac- 
cepts the SO status line from Intel processors. 


RD 


30 


I 


READ: Thisoin is the read memory request command input. This input also directly ac- 
cepts the Si status line from Intel processors. 


CLK 


31 


I 


CLOCK: This input provides the basic timing for sequencing the internal logic 


RFRQ 


32 


I 


REFRESH REQUEST: This input is sampled on the falling edge of RESET. If RFRQ is 
Ngh at RESET then the 8208 is programmed for internal-refresh request or external-refresh 
request with failsafe protection. If RFRQ is low at RESET then the 8208 is programmed 
for external-refresh without failsafe protection or burst-refresh. Once programmed the 
RFRQ pin accepts signals to start an external-refresh with failsafe protection or external- 
refresh without failsafe protection or a burst-refresh. $ 


PDI 


33 


l 


PROGRAM DATA INPUT: This input is sampled by RESET going low. It programs the 
various user selectable options in the 8208. The PCLK pin shifts programming data into 
the PDI input from an external shift register. This pin may be strapped low to a default 
iAPX 186 (PDI = Low) mode configuration. 


AHO 
AH1 
AH2 
AH3 
AH4 
AH5 
AH6 
AH7 
AH8 


43 
42 
41 
40 
39 
38 
37 
35 
34 




ADDRESS HIGH: These higher order address inputs are used to generate the column 
address for the internal address multiplexer. 
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GENERAL DESCRIPTION 

The Intel 8208 Dynamic RAM Controller is a 
microcomputer peripheral device which provides the 
necessary signals to address, refresh and directly 
drive 64K and 256K dynamic RAMs. 

The 8208 supports several microprocessor interface 
options including synchronous and asynchronous 
operations for iAPX 86, iAPX 186, iAPX 188 and 
MULTIBUS. 

FUNCTIONAL DESCRIPTION 
Processor Interface. 

The 8208 has control circuitry capable of supporting 
one of several possible bus structures. The 8208 may 
be programmed to run synchronous or asynchronous 
to the processor clock. (See Synchronous/Asyn- 
chronous Mode) The 8208 has been optimized to run 
synchronously with Intel's iAPX 86, iAPX 88, iAPX 



186 and iAPX 188. When the 8208 is programmed 
to run in asynchronous mode, the 8208 inserts the 
necessary synchronization circuitry for the RD, WR, 
PE, and PCTL inputs. 

The 8208 achieves high performance (i.e. no wait 
states) by decoding the status lines directly from the 
iAPX 86, iAPX 88, iAPX 186 and the iAPX 188. The 
8208 can also be programmed to receive read or write 
MULTIBUS commands or commands from a bus con- 
troller. (See Status/Command Mode) 

The 8208 may be programmed to accept the clock 
of the iAPX 86, iAPX 88, iAPX 186 or 188. The 8208 
adjusts its internal timing to allow for different clock 
frequencies of these microprocessors. (See 
Microprocessor Clock Frequency Option) 



Figure 2 shows the different processor interfaces to 
the 8208 using the synchronous or asynchronous 
mode and status or command interface. , 
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Synchronous-Command Interface 



Asynchronous-Command Interface 



Figure 2. Interfaces Supported by the 8208. 



6-202 



230734-001 



8208 



Dynamic RAM Interface 

The 8208 is capable of addressing 64K and 256K 
dynamic RAMs. Figure 3 shows the connection of the 
processor address bus to the 8208 using the different 
RAMs. The 8208 directly supports the 2164A RAM 
family or any RAM with similar timing requirements 
and responses. 



Figure 3. Processor Address Interface to the 
8208 Using 64K, and 256K, RAMS 

The 8208 divides memor y into two banks, each bank 
having its own Row (RAS) and Column (CAS) 
Address Strode pair. This organization permits RAM 
cycle interleaving. RAM cycle interleaving overlaps 
the start of the next RAM cycle with the RAM 
precharge period of the previous cycle. Hiding the 
precharge period of one RAM cycle behind the data 
access period of the next RAM cycle optimizes 
memory bandwidth and is effective as long as suc- 
cessive RAM cycles occur in the alternate banks. 

Successive data access to the same bank cause the 
8208 to wait for the precharge time of the previous 
RAM cycle. But when the 8208 is programmed in an 
iAPX 186 synchronous configuration consecutive read 
cycles to the same bank does not result in additional 
wait states (i.e. 0 wait state reads result). 



If n ot all RAM bank s are occupied, the 8208 reassigns 
the RAS and CAS strobes to allow using w ider d ata 
word s without increasing the loading on the RAS and 
CAS drivers. Table 2 shows the bank selection 
decoding and th e ho rizontal word expansion, in- 
cluding RAS and CAS assignments. Fbr exam ple, if 
only one RAM bank is occupied, then the two RAS 
and CAS strobes are activated with the same timing. 



Table 2. Bank Selection Decoding 
and Word Expansion 



Program 


Bank 




Bit 


Input 


8208 


RB 


BS 


RAS/CAS Pair Allocation 


0 


0 


RA5 0 , CA3 0 ^o Bank 0 


0 


1 


Illegal 


1 


0 


RAS Q , CAS Q to Bank 0 


1 


1 


RAS r CAS 1 to Bank 1 



Program bit RB is not used to check the bank select 
input BS. The system design must protect from 
accesses to "illegal", non-existent banks of memory 
by deactivating the PE input when addressing an 
"illegal", non-existent bank of memory. 

The 8208 adjusts and optimizes internal timings for 
either the fast or slow RAMs as programmed. (See 
RAM Speed Option) 

Memory Initialization 

After programming, the 8208 performs eight RAM 
"wake-up" cycles to prepare the dynamic RAM for 
proper device operation (during "warm-up" some 
RAM interface parameters may not be met, this 
should cause no harm to the dynamic RAM array). 

Refresh 

The 8208 provides an internal refresh interval counter 
and a refresh address counter to allow the 8208 to 
refresh memory. The 8208 will refresh 128 rows every 
2 milliseconds or 256 rows every 4 milliseconds, 
which allows all RAM refresh options to be supported. 
In addition, there exists the ability to refresh 256 row 
address locations every 2 milliseconds via the Refresh 
Period programming option. 

The 8208 may be programmed for any of five different 
refresh options: Internal refresh only, External refresh 
with failsafe protection, External refresh without 
failsafe protection, Burst Refresh modes, or no 
refresh. (See Refresh Options) 







(NOTE iy 










AH8 


A11-A19 




A10-A17 






AH0-AH8 


=> 


AH0-AH7 




8208 


(NOTE 1) 


8208 

AL8 


A2-A10 




A2-A9 






AL0-AL8 


^> 


AL0-AL7 


A1, 


BS 


A1, 


BS 



256K RAM 
INTERFACE 



64K RAM 
INTERFACE 



NOTES: 

1 . Unassigned address input pins should be strapped 
high or low. 

2. AO along with BHE are used to select a byte within 
a processor word. 

3. Low order address bit is used as a bank select 
input so that consecutive memory access requests 
are to alternate banks allowing bank interleaving 
of memory cycles. 



6-203 



230734-001 



inter 



8208 ADVANCE ONFORIiATIIOINI 




t 1 PROGRAMMING TIME OP 8203 




DIFFERENTIATED RESET 



1 . Required only when the port synchronization op- 
tion(s) is altered from its initial default value. 

2. V cc must be stable before system reset is ac- 
tivated when using this circuit. 



Figure 4. 8208 Differentiated Reset Circuit 



It is possible to decrease the refresh time Interval by 
10% 20% or 30%. This option allows the 8208 to com- 
pensate for reduced clock frequencies. Note that an 
additional 5% interval shortening is built-in in all refresh 
interval options to compensate for clock variations and 
non-immediate response to the internally generated 
refresh request. (See Refresh Period Options) 



External Refresh Requests after RESET 

External refresh requests are not recognized by the 
8208 until after it is finished programming and prepar- 
ing memory for access. Memory preparation includes 
8 RAM cycles to prepare and ensure proper dynamic 
RAM operation. The time it takes for the 8208 to 
recognize a request is shown below. 

eq. 8208 System Response: TRESP = PROG + TPREP 
where: TPROG = (40) (TCLCL) which is programming 
time 

TPREP = (8) (32) (TCLCL) which is the RAM 
warm-up time 
if TCLCL = 125 ns then TRESP = 37 us 

Reset 

RESET is an asynchronous input, the falling edge of 
which is used by the 8208 to directly sample the logic 
levels of the PCTL, RFRQ, and PDI inputs. The 
internally synchronized falling edge of reset is used 
to begin programming operations (shifting in the 
contents of the external shift register, if needed, into 
the PDI input). 

Differentiated reset is unnecessary when the default 
synchronization programming is used. (5=0) 

Until programming is complete the 8208 registers but 
does not respond to command or status inputs. A 
simple means of preventing commands or status from 
occurring during this period is to differentiate the 
system reset pulse to obtain a smaller reset pulse for 
the 8208. The total time of the 8208 reset pulse and 
the 8208 programming time must be less than the 
time before the first command the CPU issues in 
systems that alter the default port synchronization 
programming bit (default is synchronous interface). 

The differentiated reset pulse would be shorter than 
the system reset pulse by at least the programming 
period required by the 8208. The differentiated reset 
pulse first resets the 8208, and system reset would 
reset the rest of the system. While the rest of the 
system is still in resets the 8208 completes its 
programming. Figure 4 illustrates a circuit to ac- 
complish this task. 



Within four clocks after RESET goes active, all the 
8208 outputs will go high, except for AOO-2, which 
will go low. 

OPERATIONAL DESCRIPTION 
Programming the 8208. 

The 8208 is programmed after reset. On the falling 
edge of RESET, the logic states of several input pins 
are latched internally. The falling edge of RESET 
actually performs the latching, which means that the 
logic levels on these inputs must be stable prior to 
that time. The inputs whose logic levels are latched 
at the end of reset are the PCTL, REFRQ, and PDI 
pins. 

Status/Command Mode 

The processor port of the 8208 is configured by the 
states of the PCTL pin. Which interface is selected 
depends on the state of the PCTL pin at the end of 
reset. If PCTL is high at the end of reset, the 80186 
Status interface is selected; if it is low, then the 
MULTIBUS or Command interface is selected. 

There exist two interface configurations, one for 
MULTIBUS memory commands, which is called the 
Command interface, and one for 8086, 8088, 80186 
or 80188 status, called the 80186 Status interface. 
The Command interface also directly interfaces to the 
command lines of the bus controllers for the 8086, 
8088. 
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The 80186 Status interface allows direct decoding of 
the status lines for the iAPX 86, iAPX 88, iAPX 186 
and the iAPX 1 88. Table 3 shows how the status lines 
are decoded. Microprocessor bus controller read or 
write commands or MULTIBUS commands can also 
be directed to the 8208 when in Command mode. 



Table 3. 8208 Response 



8208. Command 


Function 


PCTL 


RD 


WR 


8086/80186 
Status 
Interface 


Multibus or 
Command 
Interface 


0 


0 


0 


IGNORE 


IGNORE 


0 


0 


1 


IGNORE 


reKd 


0 


1 


0 


IGNORE 


WRITE 


0 


1 


t 


IGNORE 


IGNORE 


1 


0 


0 


READ 


IGNORE 


1 


0 


1 


READ 


INHIBIT 


1 


1 


0 


WRITE 


INHIBIT 


1 


1 


1 


IGNORE 


IGNORE 



Refresh Options 



Immediately after system reset, the state of the 
REFRQ input pin is examined. If REFRQ is high, the 
8208 provides the user with the choice between self- 
refresh and user-generated refresh with failsafe 
protection. Failsafe protection guarantees that if the 
user does not come back with another refresh request 
before the internal refresh interval counter times out, 
a refresh request will be automatically generated. If 
the REFRQ pin is low immediately after a reset, then 
the user has the choice of a single external refresh 
cycle without failsafe, burst refresh or no refresh. 

Internal Refresh Only 

For the 8208 to generate internal refresh requests, 
it is necessary only to strap the REFRQ input pin high. 

External Refresh with Failsafe 

To allow user-generated refresh requests with failsafe 
protection, it is necessary to hold the REFRQ input 
high until after reset. Thereafter, a low-to-high transi- 
tion on this input causes a refresh request to be 
generated and the internal refresh interval counter 
to be reset. A high-to-low transition has no effect on 
the 8208. A refresh request is not recognized until 
a previous request has been serviced. 



External Refresh without Failsafe 

To generate single external refresh requests without 
failsafe protection, it is necessary to hold REFRQ low 
until after reset. Thereafter, bringing REFRQ high for 
one clock period will cause a refresh request to be 
generated. A refresh request is not recognized until 
a previous request has been serviced. 

Burst Refresh 

Burst refresh is implemented through the same 
procedure as a single external refresh without failsafe 
(i.e., REFRQ is kept low until after reset). Thereafter, 
bringing REFRQ high for at least two clock periods 
will cause a burst of up to 128 row address locations 
to be refreshed. Any refresh request is not recogniz- 
ed until a previous request has been serviced (i.e. 
burst is completed). 

No Refresh 

It is necessary to hold REFRQ low until after reset. 
This is the same as programming External Refresh 
without Failsafe. No refresh is accomplished by 
keeping REFRQ low. 

Option Program Data Word 

The program data word consists of 9 program data 
bits, PD0-PD8. If the first program data bit, PD0 is 
set to logic 0, the 8208 is configured to support iAPX 
186, 188, 86, or 88 systems. The remaining bits, 
PD1-PD8, may then be programmed to optimize a 
selected system configuration. A default of all zeros 
in the remaining program bits optimizes the 8208 
timing for 8 MHz Intel CPUs using 150 nS (or faster) 
dynamic RAMs with no performance penalty. Figure 
5 shows the various options that can be programmed 
into the 8208. 



Using an External Shift Register 

The 8208 may be programmed by using an external 
shift register with asynchronous load capability such 
as a 74LS165. The reset pulse serves to parallel load 
the shift register and the 8208 supplies the clocking 
signal (PCLK) to shift the data into the^DI program- 
ming pin. Figure 6 show£ a sample circuit diagram 
of an external shift register circuit. 

Serial data is shifted into the 8208 via the PDI pin (33), 
and clock is provided by the WE/PCLK pin (23), which 
generates a total of 9 clock pulses. After program- 
ming is complete, data appearing at the input of the 
PDI pin is ignored. WE/PCLK is a dual function pin. 
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During programming, it serves to clock the external 
shift register, and after programming is completed, 
it reverts to the write enable RAM control output pin. 
As the pin changes state to provide the write enable 
signal to the dynamic RAM array, it continues to clock 
the shift register. This does not present a problem 
because data at the PDI pin is ignored after program- 
ming. Figure 7 illustrates the timing requirements of 
the shift register. 



PD8 PD7 



PDO 



FFS 



PLS 



cio 



CM 



RB 



RFS 



PROGRAM 
DATA BIT 


NAME 


POLARITY/FUNCTION 


PDO 


CFS 


MUST BE ZERO 


PD1 




3=0 SYNCHRONOUS 
S = 1 ASYNCHRONOUS 


PD2 


RFS 


RFS = 0 FAST RAM 
RFS = 1 SLOW RAM 


PD3 


RB 


RAM BANK OCCUPANCY 
SEE TABLE 2 


PD4 
PD5 


CM 

cio 


COUNT INTERVAL BIT 1; SEE TABLE 6 
COUNT INTERVAL BIT 0; SEE TABLE 6 


PD6 


PLS 


PLS = 0 LONG REFRESH PERIOD 
PLS = 1 SHORT REFRESH PERIOD 


PD7 


FFS 


FF§ = 0 FAST CPU FREQUENCY 
F?§ = 1 SLOW CPU FREQUENCY 


PD8 


X 


X = 0 AACK 
X = 1 XACK 



Figure 5. Program Data Word 



Default Programming Options 

After reset, the 8208 serially shifts in a program data 
word via the PDI pin. This pin may be strapped low, 
or connected to an external shift register. Strapping 
PDI low causes the 8208 to default to the iAPX 186 
system configuration. Table 4 shows the character- 
istics of the default configuration. If further system 
flexibility is needed, one external shift register, like 
a 74LS165, can be used to tailor the 8208 to its 
operating environment. Figure 8 illustrates an iAPX 
186 and 8208 system. 



Table 4. Programming, PDI Pin Tied to Ground. 



1 

Synchronous 80186 interface 



2 RAM banks occupied 



Fast processor clock frequency (8 MHz) 



Fast RAM (Note 1) 



Refresh interval uses 11 8 clocks 



128 row refresh in 2 ms; 256 row refresh 
in 4 ms 



Advanced ACK strobe 



NOTE: 

1. For iAPX 186 systems either slow or fast (150 or 100 ns) 
RAMS are ok to use. 
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~\ r 



x 



NOTES: , 

TRTVCL — Reset is an asynchronous input, if reset occurs before 'TRTVCL, then it is guaranteed to be recognized. 

TPGVCL — Minimum PDI valid time prior to reset going low. 

TCLPC — MUX/PCLK delay.- 

TLOAO — Asynchronous load data propagation delay. 



* Figure 6. Timing Illustrating External Shift Register Requirements for Programming the 8208. 
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Figure 7. External Shift Register Interface 
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Figure 8. 8208 Interface to an 80186 
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S program bit) 



ronous Mode 



Table 5. Microprocessor Clock 
Frequency Options. 



The 8208 may be independently configured to ac cept 
synchronous or asynchronous commands (f?D, WR, 
PCTL) and Port Enable (PE) via the S program bit. 
The state of the S programming bit determines 
whether the interface is synchronous or 
asynchronous. 

While the 8208 may be configured with either the 
80186 Status or Command (MULTIBUS) interface in 
the Synchronous mode, certain restrictions exist in 
the Asynchronous mode. An Asynchronous-Command 
interface using the control lines of the MULTIBUS is 
supported, and an Asynchronous-80186 Status inter- 
face using the status lines of the 80186 is supported, 
with the use of TTL gates as illustrated in Figure 2. 
In the 80186 case, the TTL gates are needed to 
guarantee that status does not appear at the 8208's 
inputs too much before address, so that a cycle would 
start before address was valid. 

Microprocessor Clock Cycle Option 
(CFS and FFS program bits 

The 8208 can be programmed to interface with 
microprocessors with stow cycle microprocessors like 
the 8086, 8088, 80186, and 80188 cycle timing. The 
CFS bit configures the microprocessor interface to 
accept signals from either microprocessor group or 
commands from MULTIBUS. The CFS programming 
bit must be programmed to logic 0. 



The FFS option is used to select the speed of the 
microprocessor clock. Table 5 shows the various 
microprocessor clock frequency options that can be 
programmed. The external clock frequency must be 
programmed so that the failsafe refresh repetition 
circuitry can adjust its internal timing accordingly to 
produce a refresh request as programmed. 



Program Bits 


Processor 


Cjock 


CFS 


FFS 


Frequency 


0 


0 


iAPX 86„88,186 


5 MHz 


0 


1 


iAPX 86, 88,186 


8 MHz 



RAM Speed Option (RFS program bit) 

The RAM Speed programming option determines 
whether RAM timing will be optimized for a fast or 
slow RAM. Whether a RAM is fast or slow is measured 
relative to the 2118-10 (Fast) or the 2118-16 (Slow) 
RAM specifications. 

Refresh Period Options 

(CIO CI1 and PLS program bits) 

The 8208 refreshes with either 128 rows every 2 
milliseconds or the 256 rows every 4 milliseconds. 
This translates to one refresh cycle being executed 
approximately once every 15.6 microseconds. This 
rate can be changed to 256 rows every 2 milliseconds 
or a refresh approximately once every 7.8 micro- 
seconds via the Period Long/Short, program bit PLS, 
programming option. 

The Count Interval 0 (CIO) and Count Interval 1 (CM) 
programming options allow the rate at which refresh 
requests are generated to be increased in order to 
permit refresh requests to be generated close to the 
15.6 or 7.8 microsecond period when the 8208 is 
operating at reduced frequencies. The interval bet- 
ween refreshes is decreased by 0%, 10%, 20%, or 
30% as a function of how the count interval bits are 
programmed. A 5% guardband is built-in to allow for 
any clock frequency variations. Table 6 shows the 
refresh period options available. 



Table 6. Refresh Count Interval Table 













Count Interval CM, CIO (8208 Clock Periods) 


Freq. 
(MHz) 


Ref. 
Period 
(^) 


CFS 


PLS 


FFS 


00 

(0%) 


01 
(10%) 


(20%) 


11 
(30%) 


8 


15.6 


0 


1 


1 


118 


106 


94 


82 




7 -8 


0 


0 


1 


59 


53 


47 


41 


5 


15.6 


0 


1 


0 


74 


66 


58 


50 




7.8 


0 


0 


0 


37 


33 


29 


25 
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The numbers tabulated under Count Interval repre- 
sent the number of clock periods between internal 
refresh requests. The percentages in parentheses 
represent the decrease in the interval between refresh 
requests. Note that all intervals have a built-in 5% 
(approximately) safety factor to compensate for minor 
clock frequency deviations and non-immediate 
response to internal refresh requests. 

Processor Timing 



In order to run without wait st ates, A ACK must be 
used and connected to t he SR DY input of the 
appropriate bus controller. AACK is issued relative 
to a point within the RAM cycle and has no fixed rela- 
tionship to the processor's request. The timing is 
such, however, that the processor will run without wait 
states, barring refresh cycles, and bank precharge. 
In slow cycle, last RAM configurations (8086, 80186), 
AACK i s iss ued on the same same clock cycle that 
issues RAS. 

Port Enable (PE) set-up time requirements depend 
on whether the 8208 is configured for synchronous 
or asynchronous, fast or slow cycle ope ration. In a 
synchronous fast cycle configuration, PE is required 
to be set-up to the same clock edge as the com- 
mands. If PE is true (low), a RAM cycle is started; if 
not, the cycle is aborted. 

In asynchronous operation, PE is required to be set- 
up to the same clock edge as the internally syn- 
chronized status or commands. Externally, this allows 
the internal synchronizatiqndelay to be added to the 
status (or command) -to-PE delay time, thus allow- 
ing for more external decode time than is available 
in synchronous operation. 

The minimum synchronization delay is the additional 
amount that PE must be held valid. If PE is not held 
valid for the maxjmum synchronization delay time, it 
is possible that PE will go invalid prior to the status 
or command being synchronized. In such a case the 
8208 aborts the cycle. If a memory cycle int ended for 
the82 08 is aborted, then no acknowledge (AACK or 
XACK) is issued and the processor locks up in endless 
wait states. 



Memory Acknowledge (AACK, XACR) 

Two type of memory acknowledge signals are sup- 
plied by the 8208. They are the Advanced 
Acknowledge strob e (AACK) and the Transfer 
Acknowle dge stro be (XACR). The S programming bit 
optimiz es AACK for synchronous operation ( "early" 
AACK) or asynchrono us ope ration ("late" AACK). 
Both the early and late AACK strobes are two clocks 



long. The XACK strobe is asserted when data is valid 
(for reads) or when data may be removed (f or write s) 
and meets the MULTIBUS requirements. XACK is 
removed asynchronously by the command going 
inactive. 

Since in a asynchrono us ope rati on the 8208 removes 
read data before late AACK or xAbK is recognized 
by the CPU, the user must provide for data latching 
in the system until the CPU reads the data. In syn- 
chronous operation data latching is unnecessary, 
since the 8208 will not remove data until the CPU has 
read it. 

If the X pr ogram ming bit is high, the strobe is con- 
figured as XAC K, wh ile if the bit is low, the strobe is 
configured as AACK. 

Data will always be valid a fixed time after the 
occurrence of the advanced acknowledge. Thus, the 
advanced acknowledge may also serve as a RAM 
cycle timing indicator. fc 

General System Considerations 

The RAS0.1, CAS0,1 and AOO-8 output buffers are 
designed to directly drive the heavy capacitive loads 
associated with dynamic RAM arrays. To keep the 
RAM driver outputs from ringing excessively in the 
system environment it is necessary to match the 
output impedance with the RAM array by using series 
resistors. Each application may have different im- 
pedance characteristics and may require different 
series resistance values. The series resistance values 
should be determined for each application. 

Using the Timing Charts 

The notation used to indicate which clock edge 
triggers an output transition is "nt" or "nV\ where 
"n" is the number of clock periods that have passed 
since clock 0, the reference clock, and "f* refers to 
rising edge and "4" to falling edge. A clock period 
is defined as the interval from a clock falling edge to 
the foilwoing falling edge. Clock edges are defined 
as shown below. 



-n+1- 



(n— 1)1 nt nl (n+1)t (n+1)l 
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The clock edges which trigger transitions on each 
8208 output are tabulated in Table 7. "H" refers to 
the high-going transition, and "L" to low-going tran- 
sition; "V refers to valid, and "V" to non valid. 
Clock 0 is defined as the clock in which the 8208 
begins a memory cycle, either as a result of a port 
request which has just arrived, or of a port request 
which was stored previously but could not be 
serviced at the time of its arrival because the 8208 
was performing another memory cycle, Clock 0 may 



be identified externally by the leading edge of RAS, 
which is always triggered on 04. 

NOTES FOR INTERPRETING THE TIMING CHARTS: 

1. COLUMN ADDRESS is the time column address 
becomes valid. 

2. The CAS, EAACK, LAACK and XACK outputs are not 
issued during refresh. 

3. XAGK - high is reset asynchronously by command go- 
ing inactive and not be a clock edge. 



Table 7. Timing Chart. 



RAS 



COLUMN 
ADDRESS 



CAS 



WE 



EAACK 



LAACK 



XACK 



CYCLE 



H 



H 



H 



RD, RF 



04 



24 



01 



21 



04 



34 



04 



24 



14 



34 



24 



RD 



WR 



04 



44 



04 



34 



14 



44 



04 



44 



04 



24 



1t 



3t 



24 



WR 



8208-DRAM Interface Parameter Equations 

Several DRAM parameters, but not all, are a direct 
function of 8208 timings, and the equations for these 
parameters are given in the following tables. The 
following is a list of those DRAM parameters which 
have NOT been included in the following tables, with 
an explanation for their exclusion. 

READ, WRITE 
REFRESH CYCLES 

tRAC: response parameter. 

tCAC: response parameter. 

tREF: See "Refresh Period Options". 

tCRP: must be met only if CAS-only cycles, 
which do not occur with 8208, exist. 

tRAH: See "A.C. Characteristics" 

tRCD: See "A.C. Characteristics" 

tASC: See "A.C. Characteristics" 

tASR: See "A.C. Characteristics" 

tOFF: response parameter. 

WRITE CYCLE 

tDS: system-dependent parameter. 
tDH: system-dependent parameter. 
tDHR: system-dependent parameter. 

NOTES: 

1. Minimum. 

2. Value on right is maximum; value on left is minimum. 

3. Applies to the eight warm-up cycles during initialization 
only. , 

4. TP = TCLCL T35 = TCLCSH 
T26 = TCLRSL T36 = TCLW 

T34 = TCLCSL TBUF = TTL buffer delay 



Table 8. RD, RF & WR Cycles 



Parameter 


Rd, RF Cycles 


Notes 


tRP 


2TCLCL— T26 




tCPN 


2.5TCLCL—T35 




tRSH 


3TCLCL — T34 




tCSH 


3TCLCL— T26 




tCAH 


2TCLCL— T34 




tAR 


2TCLCL— T26 k 




tT 


3/30 




tRC 


4TCLCL 




tRAS 


2TCLCL—T26 




tCAS 


3TCLCL— T34 




tRCS 


1 .5TCLCL— TCL—T36— TBUF 




tRCH 


0.5TCLCL-T34 




Parameter 


WR Cycles 


Notes 


tRP 


2TCLCL— T26 




tCPN 


2.5TCLCL-T35 




tRSH 


3TCLCL— T34 




tCSH 


4TCLCL— T26 




tCAH 


2TCLCD-T34 




tAR 


3TCLCL— T26 




tT 


3/30 




tRC 


6TCLCL 




tRAS 


4TCLCL— T26 




tCAS 


TCLCL — T34 




tWCH 


3TCLCL — T34 


1, 3 


tWCR 


4TCLCL— T26 


1, 3 


tWP 


. 4TCLCL— -T36 — TBUF 




tRWL 


4TCLCL— T36— TBUF 




tCWL 


I 4TCLCL— T36— TBUF 




TWCS 


TCLCL— T36—TBUF 
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ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature 

Under Bias 0°C to +70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin With 

Respect to Ground -.5V to +7V 

Power Dissipation 2 Watts 



NOTICE: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage 
to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = 0°C to +70°C, V cc = 5.0V ± 5% V ss = GND) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Comments 


V,L 


Input Low Voltage 


-0.5 


+0.8 


. V 




V,H 


Input High Voltage 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Note 1 


Voh 


Output High Voltage 


2.4 




V 


Notel 


Vrol 


RAM Output 
Low Voltage 




0.45 


V 


Note 1 


Vroh 


RAM Output 
High Voltage 


2.6 




V 


Note 1 


Ice 


Supply Current 




280 


mA 


T A = 25°C 


Ll 


Input Leakage Current 




+10 




0V< V, N < Vcc 


VCL 


Clock Input 
Low Voltage 


-0.5 


+0.6 


V 




VCH 


Clock Input 
High Voltage 


3.8 


V cc + 0.5 


V 




ClN 


Input Capacitance 




20 


PF 


fc = 1 MHz 



NOTES: 

1. Iol = 8 mA and Ioh = -0.2 mA (typically I 0 l = 10 mA and I 0 h = -0.25mA) 



A.C. Testing Load Circuit 



RA§o,i 

CAS 0 1 
8208 01 

MU 0-8 

Other Outputs 



Rras 



RcA! 



Rao 



AAAr-f-o-p — 

A a A ^ I — CcAS 

X or 

RRAS =390 " CRAS = 150 pF 

RCAS =390 CCAS = 150 pF 

RAO = 220 CAO = 200 pF 

RL =390 CL * 150 pF 



A.C. Testing Input, Output Waveform 




A.C. Testing inputs (except clock) are driven at 
2.4V for a logic "1" and 0.45V for a logic "0" 
(clock is driven at 4.0V and 0.45V for logic "1" 
and "0" respectively). Timing measurements are 
made at 2.0V, 2.4V for logic "1 " and 0.8 V for logic 
"0". 
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A.C. CHARACTISTICS (T a = 0 to 70 C Vfc c = +5V ± 5%) 

Measurements made with respect to RASO, 1, CASQi 1, AOO-8 are at 2.4V and 0.8 V. All other pins are 
measured at 2.0V and 0.8V. All times in nsec unless otherwise indicated. AC testing done with specified 
test load. 

CLOCK AND PROGRAMMING 



Ref. 


Symbol 


Parameter 


8208 


8208-5 


Units 


Notes 


Mln. 


Max. 


Min. 


Max. 




tF 


Clock Rise Time 




10 




15 


ns 






tF 


Clock Fall Time 




10 




15 


ns 




1 


TCLCL 


Clock Period 


125 


500 


200 


500 


ns 




2 


TCL 


Clock Low Time 


TCLCL/2-12 




TCLCL/2-12 




ns 




3 


TCH 


Clock High Time 


TCLCL/3 




TCLCL/3 




ns 




4 


TRTVCL 


Reset to CLKl Setup 


40 




65 




ns 


1 


5 


TRTH 


Reset Pulse Width 


4 TCLCL 




4 TCLCL 




ns 




6 


TPGVRTL 


PCTI, PDI, RFRQ 
to RESET! Setup 


125 




200 




ns 


2 


7 


TRTLPGX 


PCTI, RFRQ 
to RESET! Hold 


10 




10 




ns 




8 


TCLPC1 


PCLK from CLKl Delay 




45 




65 


ns 




9 


TPDVCL 


PDI to CLKl Setup 


60 




100 




ns 




10 


TCLPDX 


PDI to CLKl Hold 


40 




65 




ns 


3 



SYNCHRONOUS /J> INTERFACE 



11 


TKVCH 


1*5, WR, pctl 

TO CLKt Setup 


20 




30 




ns 




12 


TCLKX 


RD, WR, PF, PCTL 
to CLKl Hold 


0 




0 




ns 




13 


TPEVCL 


PE* to CLKl Setup 


30 




50 




ns 




ASYNCHRONOUS pi? INTERFACE 


14 


TRWVCL 


RD, WR to CLKl Setup 


20 




30 




ns 




15 « 


TRWL 


RD, WR Pulse Width 


2TCLCL+30 




2TCLCL + 50 




ns 




16 


TRWLPEV 


PE from RD, WRl Delay 




TCLCL-30 




TCLCL-50 


ns 




17 


TRWLPEX 


PE to RD, WRl Hold 


2TCLCL + 30 




2TCLCL + 50 




ns 




18 


TRWLPT 


PCTL from RD, WRl Delay 




TCLCL-30 




TCLCL-50 


ns 




19 


TRWLPTX 


PCTL to RD, WRl Hold 


2TCLCL+30 




2TCLCL + 50 




ns 




RAM INTERFACE 


20 


TAVCL 


AL, AH, BS to CLKl Setup 


35 + tASR 




55 + tASR 




ns 


4 


21 


TCLAX 


AL, AH, BS tor CLKl Hold 


0 




0 




ns 




22 


TCLRSL 


RaSI from CLKl Delay 




35 




55 


ns 




23 


tRCD 


RAS to CA§ Delay 


TCLCL/2-25 
75 




60 




ns 
ns 


5,7,8 
6,7,8 


24 


TCLRSH 


RA§t from CLKl Delay 




50 




70 


ns 




25 


tASR 


Row AO to RA§I Setup 












4,10 


26 


tRAH 


Row AO to RASi Hold 


TCLCL/4-10 
40 




30 




ns 
ns 


5,7,9 
6,7,9 


27 


tASC 


Column AO to CASI 
Setup 


5 




5 




ns 


7,11,12 


28 


tCAH 


Column AO to CA*5 Hold 




(See DRAM Interface Tables) 






13 
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A.C. CHARACTERISTICS (Continued) 
RAM Interface (Continued) 



Ref. 


Symbol 


Parameter 


8208 


8208-5 


Units 


Notes 


Mln. 


Max. 


Mln. 


Max. 


29 


TCLCSL 


CASI from CLKI Delay 


TCLCL/2 


TCLCL/1.8 + 53 


TCLCL/2 


TCLCL/1.8 + 78 


ns 




30 


TCLCSH 


CA§t from CLKI Delay. 




50 




70 


ns 




31 


TCLWH 


WEt from CLKI Delay 


TCLCL/2 


TCLCL/1.8 + 53 


TCLCL/2 


, TCLCL/1.8 + 78 


ns 




32 


TCLWL 


WEI from CLKI Delay 




35 




55 


ns 




33 


TCLTKL 


XACKI from CLKI Delay 




.35 




55 


ns 




34 


TRWLTKH 


XAC"Kt from RDt, WRt Delay 




50 




60 


ns 




35 


TCLAKL 


AAC"K! from CLKI Delay 




35 




55 


ns 




36 


TCLAKH 


AACKt from CLKI Delay 




50 




70 


ns 




REFRESH REQUEST 


37 


TRFVCL 


RFRQ to CLKI Setup 


20 




30 




ns 




38 


TCLRFX 


RFRQ to CLKI Hold 


10 




10 




ns 




39 


TFRFH 


Failsafe RFRQ Pulse Width 


TCLCL + 30 « 




TCLCL + 50 




ns 


14 


40 


TRFXCL 


Single RFRQ inactive 
to CLKI Setup 


20 




30 




ns 


15 


41 


TBRFH 


Burst RFRQ Pulse Width 


2TCLCL+30 




2TCLCL + 50 




ns 


14 



intel 



NOTES: 

1 . RESET is internally synchronized to CLK. Hence a set-up time is 
required only to guarantee its recognition at a particular clock edge. 

2. The first programming bit (PCX)) is also sampled by RESET going low. 

3. TCLPDX is guaranteed if programming data is shifted using PCLK. 

4. tASR is a user specified parameter and its value should be added 
accordingly to TAVCL. 

5. When programmed in Slow Cycle mode and 125 ns < TCLCL < 200 ns. 

6. When programmed in Slow Cycle mode and 200 ns < TCLCL 

7. Specification for Test Load Conditions. 

8. tRCD (actual) = tRCD (specification) + 0.06 (ACras) ~ 0 06 ( AC CAS) 

where AC = C (test load) - C (actual) in pF. 

9. tRAH (actual) = tRAH (specification) + 0.06 (ACras) - 0 022 ( AC AO) 

where AC = C (test load) - C (actual) in pF. 

10. tASR (actual) = tASR (specification) + 0.06 (ACao) - 0.025 (ACras) 

where AC =„C (test load) - C (actual) in pF. 

1 1 . tASC (actual) = tASC (specification) + 0.06 (ACao) - 0.025 (ACqas) 

where AC = C (test load) - C (actual) in pF. 

12. tASC is a function of clock frequency and thus varies with changes 
in frequency. A minimum value is specified. 

13. See 8208 DRAM Interface Tables. 

14. TFRFH and TBRFH pertain to asynchronous operation only. 

15. Single RFRQ cannot be supplied asynchronously. 
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WAVEFORMS 

Clock and Programming Timings 



CLK 

RESET 
PCTL 

REFRQ 

PDI 

WE/PCLK 




PD1 



® 



RAM Warm-up Cycles 



CLK . 
RESET- 



ras: 



WE 



PROGRAMMING 
RESET i FIRST RAM WARM-UP CYCLE 



LAST RAM WARM-UP 



NOTE: 

The present example assumes a RAS four clocks long. 



Synchronous Port Interface 



CLK 



SLOW CYCLE 
RD,WR 



® 



SLOW CYCLE 
PE 



SLOW CYCLE 
PCTL 



-11 



INTERNAL 
CYCLE REQUEST 



® 



® 



© 



r 
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WAVEFORMS (Continued) 
Asynchronous Port Interface 



CLK. 



SLOW CYCLE 



SLOW CYCLE < 
PE 



SLOW CYCLE 
PCTL 



-®. — H 



INTERNAL 
CYCLE REQUEST 



Refresh Request Timing 



FAILSAFE REFESH . 
REQUEST 



SINGLE REFESH 
REQUEST 



BURST REFRESH 
REQUEST 



u-<fM 
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WAVEFORMS (Continued) 
RAM Interface Timing 



COMMAND 



INTERNAL 
CYCLE REQUEST 



AL 0 - AL 8 — — u- 
AH 0 -AH 8 Y 

bs 0 - bs 1 n*- 



RAS- 



AO 0 - A0 8 



CAS 



WE 



XACK < 



AACK . 



-©- 



T 



© 



x 



® 



Note: 

Dashed waveform indicates that either 



clock edge may cause the signal transition 
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CHAPTER 1 
INTRODUCTION 

This guide is a supplement to the 8207 Data Sheet 1 and is intended as a design aid and not a stand- 
alone description of the 8207. The reader should already have read and have a copy of the 8207 Data 
Sheet, 8206 Error Detection and Correction Unit Data Sheet (EDCU), a microprocessor Data Sheet, 
or a Multibus bus specification for interfacing to the 8207, and a dynamic RAM Data Sheet^. 

The Intel 8207 Advanced Dynamic RAM Controller is a high performance, highly integrated device 
designed to interface 16k, 64k, and 2S6k dynamic RAMS to Intel microprocessors. The 8207, with 
the 8206, provides complete control for memory initialization, error correction, and automatic error 
scrubbing. 

The 8207 has several speed selected versions. The standard part is specified for clock speeds up to 
16 MHz in "fast cycle" configurations, and up to 8 Mhz in "slow cycle" configurations. The -2 part 
can only be used in slow cycle configurations up to 8 Mhz. The -5 is limited to slow cycle con- 
figurations of 5 MHz or less and, as a result, has some relaxed A.C. timings. 



NOTE: 

(1) The most current Data Sheet is dated July, 1983 

(2) All RAM cycle timings and references are based on Intel's 2164A Dynamic RAMs, APR '82 
Data Sheet. 
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CHAPTER 2 
PROGRAMMING THE 8207 



The many configurations of bus structures, RAM speeds, and system requirements that the 8207 
supports require the 8207 to be programmable. The 8207 will modify its outputs to provide the best 
performance possible. The 8207 must be told what type of interface the memory commands will 
arrive on, what type of RAM (speed, refresh rate) is being used, the clock rate, and others. 

The 8207 uses two means to be informed of the user's requirements. It reads in a 16 bit serial program 
word and examines the logic states on several input pins. The pins that are sampled for a logic level 
give the user options on the types of refresh and memory command input timing. 

Input Pin Options 

The three input pins that configure part of the 8207 are: PCTLA, PCTLB, and REFRQ. Let's 
examine the options in refresh types the REFRQ pin provides. 

Refresh types: 

The 8207 gives the user a choice of the following refresh types. 

1) Internal Refresh: All refresh cycles are generated internally — based on an internal 
programmable time. 

2) External Refresh with Failsafe: If the external logic does not generate a refresh cycle within 
the programmed period, the 8207 will. 

3) External Refresh - No Failsafe or No Refresh; All refresh cycles are generated at times 
by the user. This is for systems that cannot tolerate the random delay imposed by refresh 
(i.e. graphics memory). 

4) Burst Refresh: The 8207 generates up to 128 consecutive refresh cycles and must be requested 
by external logic. Memory requests will be performed when the burst is completed. 

The 8207 examines the state of the REFRQ pin when RESET goes inactive. This timing is shown in 
the "Clock and Programming Timings" waveforms in the Data Sheet. 

If REFRQ is sampled active by the falling edge of RESET, the 8207's internal timer is enabled. The 
timer's period is determined by the CIO, CI1, and PLS bits in the program word. External refresh 
cycles are generated by a low to high transition on the REFRQ input. This transition, besides generating 
a refresh cycle, also resets the internal timer to zero. Simply tie REFRQ to Vcc if internal refresh 
is required. 

If REFRQ is seen low at the falling edge of RESET, the internal timer is deactivated. All refresh cycles 
must either be done by external logic or by accessing all RAM (internal) rows within a 2 ms period. 

Once the no failsafe option is programmed, the 8207 will generate a burst of up to 128 refresh cycles 
when the REFRQ input goes from low to high and sampled high for two consecutive clbqk edges. 
These cycles are internally counted and the 8207 stops when the refresh address counter reaches the 
value XXI 11 111 I2 (X = don't care; see Refresh Counter section). If prior to the burst request the 
counter is at XXIIIIIIO2 then only 2 refresh cydes would be generated. 
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For a single refresh cycle to be generated via external logic, the REFRQ input will have to go from 
low to high and then sample high by a falling 8207 clock ed^e. Since external refresh requests typically 
arrive asynchronously with respect to the 8207's clock, this requires the REFRQ to be synchronized 
to the 8207 clock when programmed in the failsafe mode. This is to ensure that the request is seen 
for one clock - no more, no less. If no external synchronization is performed, then the 8207 could 
do random burst cycles. 

Processor Interface Options: 

The PCTLA, PCTLB input pins will program the 8207 to accept either the standard demultiplexed 
RD and WR inputs, or to directly decode the status outputs of Intel's iAPX86, 88 family of 
microprocessors. The state definitions of the status lines and their timings, relative to the processor 
clock, differ for the 8086 family and the iAPX286 processor. Table 1 illustrates how the 8207 
interprets these inputs after the PCTL pins are programmed. 

If PCTL is seen high, as RESET goes inactive, and 8086 status interface is enabled. The commands 
arriving at the 8207 are sampled by a rising clock edge. When PCTL is low, the 80286 status and 
Multibus command interface is selected. These commands are sampled by the 8207 by a falling clock 
edge. 

More information on interfacing to processors is contained in the Microprocessor Interface section. 



Table 1. Status Coding of 8086, 80186 and 
80286 



8207 Response 



Status Code 


Function 


S2 


S1 


SO 


8086/80186 


80286 


0 


0 


0 


Interrupt 


interrupt 


0 


0 


1 


I/O Read 


I/O Read 


0 


1 


0 


I/O Write 


I/O Write 


0 


1 


1 


Halt 


Idle 


1 


0 


9 


Instruction 
Fetch 


Halt 


1 


0 


1 


Memory Read 


Memory Read 


1 


i 


0 


Memory Write 


Memory Write 


1 


1 


1 


Idle 


Idle 



8207 
Corhmand 


Function 


PCTL 


RD 


WR 


8086 
Status 
Interface 


Command 
Interface 


0 


0 


0 


Ignore 


Ignore 


0 


0 


1 


Ignore 


Read 


0 


1 


0 


Ignore 


Write 


0 


1 


1 


Ignore 


Ignore 


1 


0 


0 


Read 


Ignore 


1 


0 


1 


Read 


Inhibit 


1 


1 


0 


Write 


Inhibit 


1 


1 


1 


Ignore 


Ignore 



Programming Word 

The 8207 requires more information to operate in a wide variety of systems. The 8207 alters its 
timings and pin functions to operate with the 8206 ECC chip. The programming options allow the 
designer to use asynchronous or synchronous buses, various clbck rates, various speeds and types of 
RAM, and others. This is detailed in Table 2. 



This data is supplied to the 8207 over the PDI input pin. There are two methods of supplying this 
data. One is to strap the PDI pin high or low with the subsequent restrictions on your system. Table 
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3 shows the required system configuration. Note that your only option when strapping this pin high 
or low is error correction or not. 

If any other configurations are required, then the programming data will have to be supplied by one 
or two 74LS165 type shift registers. Note that the sense of tjie bits in the program word change 
between ECC and non-ECC configurations. 



Table 2a. 
Non-ECC Mode Program Data Word 



PD15 






PD8 PD7 




PDO 


| 0 | 0 | TM1 | PPR 


FFS 


EXT | PLS 


CIO | CM | RBI | RBO 


RFS | CFS | SB | SA 


0 



Program 
Data Bit 


Name 


Polarity/Function 


PDO 


ECC 


ECC = 0 For non-ECC mode 


PD1 


O A' 

SA 


SA = 0 Port A is synchronous 
SA = 1 Port A is asynchronous 


PD2 


SB 


SB = 0 Port B is asynchronous 
SB = 1 Port B is synchronous 


PD3 


CFS 


CFS = 0 Fast-cycle iAPX 286 mode 
CFS = 1 Slow-cycle iAPX 86 mode 


PD4 


RFS 


RFS = 0 Fast RAM 
RFS = 1 Slow RAM 


PD5 
PD6 


RBO 
RB1 


RAM bank occupancy K 
See Table 4 


PD7 
PD8 


CM 
CIO 


Count interval bit 1 : see Table 6 in 8207 data sheet 
Count interval bit 0: see Table 6 in 8207 data sheet 


PD9 


PCS 


PCS = 0 Long refresh period 
PCS = 1 Short refresh period 


PD10 


EXT 


EXT = 0 Not extended 
EXT = 1 Extended 


PD11 


FFS 


FFS = 0 Fast CPU frequency 
FFS = 1 Slow CPU frequency 


PD12 


PPR 


PPR = 0 Most recently used port priority 
PPR = 1 Port A preferred priority 


PD13 


TM1 


TM1 = 0 Test mode 1 off 
TM1 = 1 Test mode 1 enabled 


PD14 


0 


Reserved must be zero 


PD15 


0 


Reserved must be zero 
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Table 2b 
ECC Mode Program Data Word 



PD15 



PD8 PD7 

PPR | FFS | EXT| PLS j CRT 1 15iT | XB | XA | RFS | CFS | "SB | SA 



PDO 



Im RB1 RBO 



Program 
Data Bit 


Name 


Polarity/Function 


PDO 


ECC 


ECC = 1 ECC mode 


PD1 


SA 


SA = 0 Port A is asynchronous (late AACK) 
SA*= 1 Port A is synchronous (early AACK) 


PD2 


!i~ 


SB = 0 Port B is synchronous (early AACK) 
SB * 1 Port B is asynchronous (late AACK) 


PD3 


CFS 


CFS = 0 Slow-cycle iAPX 86 mode 
CFS = 1 Fast-cycle iAPX 286 mode 


PD4 


RFS 


RFS = 0 Slow RAM 
RFS = 1 Fast RAM 


PD5 


XA 


XA = 0 Multibus-compatible XACKA 
XA = 1 AACKA not multibus-compatible 


PD6 


XB 


XB = 0 AACKB not multibus-compatible 
XB = 1 Multibus-compatible XACKB 


PD7 
PD8 


CM 
CIO 


Count interval bit 1: see Table 6 in 8207 data sheet 
Count interval bit 0: see Table 6 in 8207 data sheet 


PD9 


PLS 


PLS = 0 Short refresh period 
PLS = 1 Long refresh period 


PD10 


EXT 
EXT 


EXT = 0 Master and slave EDCU 
EXT = 1 Master EDCU only 


PD11 


FFS 


FFS = 0 Slow CPU frequency 
FFS = 1 Fast CPU frequency 


PD12 


PPR 


PPR - 0 Port A preferred priority 

PPR = 1 Most recently used port priority 


PD13 
PD14 


RBO 
RB1 


RAM bank occupancy 
See Table 4 


PD15 


TM2 


TM2 = 0 Test mode 2 enabled 
TM2 = 1 Test mode 2 off 



Table 3. 8207 Default Programming 

Port A is Synchronous— has early AACK 

Port B is Asychronous— has late AACK 

Fast RAM ~~ 

Refresh Interval uses 236 clocks 

128 Row refresh in 2 m$; 256 Row refresh in 4 ms 

Fast Processor Clock Frequency (16 MHz) 

"Most Recently Used" Priority Scheme 

4 RAM banks occupied 
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Reset 

If Port A is changed to an asynchronous interface (via the SA bit), then one of two precautions must 
be taken. Either a differentiated reset must be provided, or else software must not access the 8207 
controller RAM for a short period. The 8207 is either adding or deleting internal synchronizing 
circuits. If a command is received during this changing, the 8207 may not perform properly. This 
is required only if Port A is changed to asynchronous, or if Port B is changed to synchronous. 

Several of the bits in the program word determine a particular configuration of the 8207 (reference 
Tables K), 11 and the 8207 Data Sheet). The bits are: CFS, CLOCK fast or slow; RFS, RAM access 
time fast or slow (fast refers to 100 ni - slow is everything greater); and EXT, for memory data word 
widths greater than 16 (22) bits. Generally speaking, CO is the fastest configuration at clock 
frequencies up to 16 MHz, both in the ECC or non-ECC charts. 'C3* is the fastest for 8 MHz clocks 
in non-ECC mode, and 'C4' is the fastest configuration when using ECC. 

Take, for example, a 16 MHz 8207 clock with no error correction, a 16 bit word, and 150 ns (slowly) 
dynamic RAMs. Table 10, in the 8207 data sheet, is used to arrive at the configuration "CI." The 
Timing chart Table 12 in the 8207 Data Sheet is then used to determine which clock edge to reference 
all timings from. The Waveforms diagrams then are used to determine the delay from the clock edge. 
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CHAPTER 3 
RAM INTERFACE 

The 8207 takes the memory addresses from the microprocessor bus and multiplexes them into row 
and column addresses as required by dynamic RAMs. The only hardware requirement when inter- 
facing the 8207 to dynamic RAM are series resistors on all the RAM outputs of the 8207, and proper 
layout of the traces (see Intel's RAM Data Sheets or the Memory Design Handbook). This section 
mainly details the effects and requirements of input signals to the 8207 on the RAM array. 

The 8207 contains an internal address counter used for refresh and error scrubbing (when using the 
8206 EDCU) cycles. The 8207 has 18 address inputs (AIL0-AIL8 and AIH0-AIH8) which are multiplexed 
to form 9 address outputs (A00-A08). There are also 2 bank select (BSO , BS1 ) inp uts fo r up to 4 banks 
of RAM. The Bank Select inputs are decoded internally to generate RAS and CAS outputs. 

Refresh Interval 

The 8207 supports four different refresh techniques as described in the Refresh Options section. In 
addition, the rate at which refresh cycles are performed is programmable. This is necessary because 
the refresh period is generated from the CLK input, which may vary over a wide range of frequencies. 
Programming the Cycle Fast/Slow (CFS) and Frequency Fast/Slow (FFS) bits automatically reprograms 
the refresh timer to generate the correct refresh interval for a qlock frequency of 16, 10, 8, or 5 MHz 
(CFS, FFS = 11, 10, 01, and 00, respectively). For clock frequencies between those, Count Interval 
(CI1, CIO) programming bits allow "fine tuning" of the refresh interval. Refresh will always be done 
often enough to satisfy the RAM's requirements without doing refresh more often than needed and 
wasting memory bandwidth for all clock frequencies. 

Refresh Counter 

The internal refresh address counter of the 8207 contains 20 bits as organized in Figure 1. 



19 18 


17 16 15 14 13 12 11 10 9 


876543210 


Bank 


Col addr 


Row addr 



Figure 1 . 8207 Refresh Address Counter 



In non-ECC mode, the refresh address counter does not count beyond bit 8. For standard RAMs, 
this will refresh 128 rows every 2 ms or 256 rows every 4 ms. 

In ECC mode, the 8207 automatically checks the RAM for errors during refresh. This requires it to 
access each of the possible 2^ words of memory. The 8207 does not delete any of these bits when 
used with 16k and 64k dynamic RAMs. Each column would be scrubbed 4 times with 16k RAMs, 
and twice with 64 RAMs. This will have no detrimental effect on reliability. Banks of RAM that are 
not occupied, as indicated to the 8207 by the RB0, RBI programming bits, will not be scrubbed. 

Bank Selects BSO, BS1; RB0, RB1 

The 8207 is designed to drive up to 88 RAMs in various configurations. The 8207 takes 2 in puts , BSO, 
BS1, and decodes them based on 2 programming bits, RB0, RBI, to generate the required RAS/ CAS 
strobes. Additionally, the 8207 will always recognize (not programmable) whether an access is made 
to the same RAM bank or to a different bank. The 8207 will interleave the accesses resulting in 
improved performance. 
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RAS and CAS Reallocation 

The 8207* s addre ss lin es are desig ned to drive up to 88 RAMs directly (through impedance matching 
resistors). The 4 RAS and CAS outputs drive up to 22 RAMs per bank (16 data plus 6 check bits 
with the 8206). Under these conditions, the 8207 will meet all RAM timing requirements. See 
Figure 2 for an example. 





RAS0 






CAS0 




RAST 




CAS1 


8207 




AOO-8 




RAS2 




CA§2 


BS0 
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RAS3 






CA§3 



8 BITS 



8 BITS 



8 BITS 



8 BITS 



8 BITS 



6 ECC BITS* 



8 BITS 



6 ECC BITS* 



8 BITS 



6 ECC BITS* 



8 BITS 



6 ECC BITS* 



*ECC OPTIONAL 



Figure 2. 8207 4 RAM Bank Configuration 



The 8207 can accommodate other configurations like a 32 bit error corrected memory system. Each 
bank would have 39 RAMs (32 + 7 check bits) with the total number of RAMs equal t o 78, This is 
within the address drivers capability, but the 39 RAMs per bank exceeds the RAS and GAS drivers 
limits. The loading of the RAS/CAS drivers should not exceed 22 RAMs per bank, otherwise critical 
row, column address setup, and hold times would be violated. 

In order to prevent these critical timings being violated, the 8207 will re-allocate the RAS and CAS 
drivers based on the RB0, RBI pro gramm ing bits (s ee Table 4). If the RB O, RB I bits are programmed 
for 2 b anks, the 8 207 will op erate RAS0 and RAS1 as a pair along with RXS2 and RAS3, CASD and 
CAS1, and CAS2 and CAS3. Now the address drivers would be loaded by 78 RAMs and the RAS/CAS 
drivers by 20 RAMs. This relative loading is almost identical to the first case of four banks of 
22 RAMs each. Drive reallocation allows a wide range of memory configurations to be used and still 
maintain optimal memory timings. Figure 3 shows a 32 bit non-error corrected configuration. 

These programming bits do not help to qualify RAM cycles. Their purpose is to reallocate RAS/CAS 
drivers. For, example, if there is one bank of RAM and the bank select inputs (BS0, BS1) select any 
other bank and no provision is made to deselect the 8207 (via PE), the 8207 will do a RAM cycle 
and issue an acknowledge. This happens irregardless of the RBO, RBI programmed value. See the 
Optional RAM Bank's section to provide for this. 
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Table 4. RAM Bank Selection Decoding 
and Word Expansion 



Program 

Bits 
RB1 RBO 


Bank 
Input 
B1 BO 


RAS/CAS Pair Allocation 


0 


0 


0 


0 


RAS0-3, CASq-3 t0 Bank 0 


p 


0 


0 


1 


Illegal Bank Input 


0 


0 


1 


0 


Illegal Bank Input 


0 


0 


1 


1 


Illegal Bank Input 


0 


1 


0 


0 


TOSb i,"CS5b 1 to Bank 0 


0 


1 


0 


1 


R AS2,3> CAS 2,3 t0 Bank 1 


0 


1 


1 


0 


Illegal Bank Input 


0 


1 


1 


1 


Illegal Bank Input 




0 


0 


0 


RASo, CASo to Bank 0 




0 


0 


1 


RAS-|, CASi to Bank 1 




0 


1 


0 


RAS2, CAS2 to Bank 2 




0 


1 


1 


Illegal Bank Input 




1 


0 


0 


RASo, CA§u to Bank 0 




1 


0 


1 


RAS-j, CASf to Bank 1 




1 


1 


0 


TE5S"2» CAS2 to Bank 2 




1 


1 


1 


RAS3, CAS3 to Bank 3 





RAS1 
CAS1 




RASO 
CASO 




AOO-8 




RAS2 
CAS2 


BSO 
BS1 


RA§3 
CA§3 



16 BITS 



J BITS 



16 BITS 



16 BITS 



8207 



Figure 3. 8207 2 RAM Bank Configuration 
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Scrubbing 

An additional function of the RBO, RBI bits, besides RAS/CAS allocation, is to inform the 8207 
of how many banks are physically present. The 8207 will, during the refresh cycle, read data from 
a location and check to see that data and check bits are correct. If there is an error, the 8207 lengthens 
the refresh cycle and writes the corrected data back into RAM. Scrubbing the entire memory greatly 
reduces the chance of an uncorrectable error occurring. See the Refresh section for more detail on 
scrubbbing. 

Refresh Cycles 

The 8207 p erfor ms RAS only refresh cycles in non-ECC systems. It outputs all 8207 control signals 
except for CAS and acknowledges. The real delay in a system due to refresh would be a fraction of 
that value*. The length of the refresh cycle is always 2tRP + tRAS, and varies based upon the 
programmed 8207 configuration. 

In error- corre cted systems, the refresh cycle is actually a read cycle. The 8207 outp uts a r ow a ddress, 
then all RAS outputs go active. Next, a column address is output and then CAS. The CAS output 
is based upon the RBO, RBI allocation bits. Figure 4a shows the general timing for a four bank system, 
and Figure 4b shows a two bank system. 
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^ ROW COLUMN ROW 


RASO-3 y 


RASO-3 \ 






CAS0 ^ 


CAS0.1 ^ 
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Figure 4. Refresh Cycles for Error Corrected Systems » 



(1) Measurements have shown a delay of 2-4% on program execution time compared to programs 
running without refresh. 



6-227 



230822-001 



8207 



The 8207 sends the read out word through the 8206 EDCU to check for any errors. If no errors, the 
refresh cycle ends. If an error is discovered, the 8207 lengthens the cycle. An error is determined if 
the ERROR output of the 8206 is seen active at the same edge that the 8207 issues the R/W output. 
The cycle is then lengthened to a RMW cycle. If the error was correctable, the corrected data is writ- 
ten back to the location it was read from. But, if the data is uncorrectable, the cycle is still lengthened 
tp a RMW, but no write pulse is issued. To aid in stabilizing the RAM output data and the Error 
flag, puilup resistors of 10k phms on the data out lines are recommended. 

Scrubbing removes soft errors that may accumulate until a double-bit error occurs, which would halt 
the system. Hard single-bit failures will not stop the system, but could slow it down. This is because 
read and refresh cycles lengthen to correct the data. 

For large RAM arrays some form of error logging or diagnostics should be considered. 

Interleaving 

The, term * 'interleaving' ' is often used to refer to overlapping the cycle times of multiple banks (or 
boards or systems) of RAMs. This has the advantage of using relatively slow cycle time banks to achieve 
a faster perceived cycle time at the processing unit. The drawbacks of interleaving are more logic to 
handle the necessary control and, for maximum performance, the program should execute sequen- 
tially through the addresses. 

Dynamic RAM cycles consist of 2 parts — the RAS active time (tRAS in Dynamic RAM Data Sheets) 
and precharge time (tRP). The sum of these two times are roughly equal to the cycle time of the RAM. 
The 8207 determines how long these two periods are, based on the configuration the user picked (via 
the programming bits). Bank interleaving, as used by the 8207, is slightly different than the previous 
definition. The 8207 will overlap the precharge time of one bank with the access time of another bank. 
In either case, the advantage is the effective cycle time is reduced without having to use faster RAMs. 

For interleaving to take place there must be more than 1 bank of RAM connected to the 8207. 
Interleaving is not practical with 3 banks of RAM because 3 is not a power of 2 (the 2 bank inputs 
BS0, BS1). So, interleaving works only for 2 or 4 banks of RAM. Note that it is easy enough to use 
three banks of RAM where the bank select inputs are connected to the highest-order address line. 
For instance, if three banks of 21£4s are used in an 8086 system, and located at address OH, bank 
selects BS0 and BS1 would be connected to microprocessor addresses A17 and A18, respectively. Banks 
0-2 would be accessed in the address ranges OH - FFFFH, 10000H - 1FFFFH, and 20000H - 2FFFFH, 
respectively. In this case, consecutive addresses are almost always in the same bank and very little 
interleaving can take place. 

Figure 5 shows the effects on the performance of the processor with and without interleaving. In both 
examples, consecutive accesses to the same bank will add 1 wait state to the second access, but no 
wait states to consecutive accesses to different banks. Irregardless of the 8207 configuration, there 
Will always be a minimum 1 wait state added without interleaving. Therefore, interleaving is very highly 
recommended! 

Interleaving is accomplished by connecting the 8207's BS0, BS1 inputs to the microprocessor's low 
order word address lines. Each consecutive address is then located in a different bank of RAM. About 
90% of memory accesses are sequential, so interleaving will occur about 90% of the time in a single 
port system. 

In a dual port system, the advantages of interleaving are a function of the number of banks of memory. 
Since the memory accesses of the two ports are presumably independent, and both ports are continuously- 
accessing memory, the 8207 arbiter will tend to interleave accesses from each port (i.e., Port A, Port 
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Figure 5. Processor Performance With and Without Interleaving 

B, Port A, Port B, ...)• If there are two banks of RAM interleaving will occur 50% of the time and, 
if there are four banks of RAM, interleaving will take place 75% of the time*. To the extent that 
a single port generates a majority of memory cycles, interleaving efficiency will approach 90% as 
described in the previous paragraph. 

(1) Don't get confused here. The paragraph is talking about interleaving memory requests from 
both ports, and their probability of accessing one of the other banks of RAM where tRP 
has been satisfied. The 8207 will leave the RAM precharge time out if consecutive accesses go 
to different banks. The 8207 RAM timing logic does not care which port requests a RAM cycle, 
requests a RAM cycle. 

Optional RAM Banks 

Many users allow various RAM array sizes for customer options and future growth. Some care must 
be taken during the design to allow for this. Three items should be considered ta permit optional RAM 
banks. 



The first item is the total RAM size. The 8207 starts a memory cycle based only upon a_yalid status 
or command and PE active. So some logic will be required to deselect the 8207 (via PE) when the 
addressed location does not exist within the current memory size. A 7485 type magnitude comparator 
works well. 

The second item to consider is the BS0, BS1 inputs. With one bank of RAM these inputs are tied 
to ground. Four banks of RAM require two address inputs. So, if the design ever needs four banks 
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of RAM, then the BSO, BSl inputs must be connected to address lines. Selecting a non-existant RAM 
hank is illegal. Figure 6 shows a non-interleaved method. 




Figure 6. Non-Interleaved 8207 Selection Circuit 

With designs using interleaving, the least significant word address lines are connected to the BSO, BSl 
inputs. With two banks of RAM, Al from the Intel processor is connected to BSO. A2 is connected 
to BSl, but not allowed to function until four banks are present. However, A2 must still be used 
since addresses increase sequentially. Two possible ways of implementing this are shown in Figure 
7 below. 
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Figure 7. Interleaved 8207 Selection Circuits 
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The final consideration is for th e RAS /CAS outputs. Remember that when the RBO, RBI bit s are 
programmed for two banks, then RASO, 1 operates in tandem (non-ECC mode/ECC mode - the CAS 
outputs also work in tandem). Figure 8 shows the proper layout. 
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Figure 8. RAM Bank Layout 

Write Enables - Byte Marks 

The write enable supplied by the 8207 cannot drive the RAM array directly. It is intended to be 
NAND with the processor supplied byte marks in a non-ECC system. In error-corrected systems, the 
write enable output should be inverted before being used by RAMs. Only full word read/ writes are 
allowed in ECC systems. The changing of byte data occurs in the 8206 EDCU. 

For single and dual port systems, the byte mark data (AO, BHE) must be latched. The 8207 can (and 
will) change the input addresses midway through a RAM cycle. 

Memory Warm-up and Initialization 

After programming, the 8207 performs 8 RAM warm-up cycles. The warm-up cycles are to prepare 
the RAMs for proper operation. If the 8207 is configured for ECC, it will then prewrite zeros into 
the entire array. 

All RAS outputs are driven active for these cycles, once every 32 clock periods. The prewrite cycles 
are equivalent to write cycles, except all RAS and GAS will go active, data is generated by the 8206, 
and the address is generated by the 8207. 

RAM Cycles/Timings 

Tables 12 and 13 of the 8207 Data Sheet show on what clock edge each of the 8207 outputs are generated. 
This, together with the timing waveforms and A.C. parameters, allows the user to calculate the 
timings of the 8207 for each of its configurations. To make the job easier, Tables 14-18 of the 8207 
Data Sheet precalculate dynamic RAM timings for each 8207 configuration and type of cycle. All 
that is required is to plug in numerical values for the 8207 parameters. 
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Write Cycles 

The 8207 always issues WE after CAS has gone valid. These types of cycles are known as "late writes." 
The 8207 does this primarily to interface to the iAPX286 processor bus timings. Late writes require 
separate data in and data out traces to the RAM array, plus the additional drivers. 

Data Latches 

The 8207 is designed to meet data setup and hold times for the iAPX86 family processors when using 
a synchronous status interface (see Microprocess or In terface section). Other types of interfaces will 
require external data latches. This is because th e CAS pulse i s a f ixed length - the user has no control 
(besides programming options) over lengthening CAS. When CA S goes ina ctive, data out of the RAMs 
will disappear. Asynchronous interfaces should use XACK or LAACK to latch the data. 
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CHAPTER 4 
MICROPROCESSOR INTERFACES 

The 8207 is designed to be directly compatible with all Intel iAPX86, 186, 188, and 286 processors. 
For maximum performance, the 8207 will directly decode the status lines and operate off of the pro- 
cessor's clock. Additionally, th^8207 interfaces easily to other bus types that support demultiplexed 
address and data with separate read and write strobes. 

Bus interfaces 

The 8207 easily supports either an asynchronous or synchronous command timing. The command 
timing can also be adjusted for various processors via the PCTL pin. 

MEMORY COMMANDS 

There are four inputs for each port of the 8207 that initiate a memory cycle. The input pins are_WRj 
RD, PCTL, and PE. The first three inputs connect directly to the iAPX 86, 88, 186, 188 S0-S2 
outputs, respectively. For the 80286, the same connections are used except that PCTL is tied to ground. 
In all configurations PE is decoded from the address bus. Multibus type commands use the same 
input setup as the 80286. 

COMMAND/STATUS INTERFACE 

The status interface for the 80186 and the 80286 differ both in timing and meaning. Th£8207 can 
be optimized for either processor by programming the PCTL input pin at RESET time. S2 in 80186 
systems, connects directly to PCTL. When the processor is reset it drives S2 high for one clock, then 
tristates it. A pullup resistor to +5 will program the PCTL input for the 80186 status interface when 
RESET goes inactive. A pullup is required only if no component has this pullup internally. 

To optimize the 8207 for the 80286 interface, PCTL is tied to ground and not used in 80286 systems. 
Multibus commands are similar in meaning to the 80286 status interface, and are programmed the 
same way. In Multibus type systems, PCTL can be used as an inhibit to allow shadow memory. PCTL 
would be driven high, when required, to prevent the 8207 from performing a memory cycle. It would 
be connected to the Multibus INH pin through an inverter. 

SYNCHRONOUS/ASYNCHRONOUS COMMANDS 

Each port of the 8207 can be configured to accept either a synchronous or asynchronous (via 
programming bits) memory request. Minimum memory request decode time (and maximum per- 
formance) is achieved using a synchronous status interface. This type of interface to the processor 
requires no logic for the user to implement. 

An asynchronous interface is used with Multibus bus interfaces when the setup and hold times of 
the memory commands cannot be guaranteed. Synchronizers are added to the inputs and will require 
up to two clocks for the 8207 to recognize the command. It should be obvious that better performance 
will result if the 8207's clock is run as fast as possible. 

Figure 2 of the 8207 Data Sheet shows various combinations of interfaces. The additional logic for 
the asynchronous interfaces is used to either lengthen the command width, to meet the minimum 8207 
spec, or to make sure the command does not arrive too soon before the address has stabilized. 

PORT ENABLE 

The PE inputs serve to qualify a mernory request. A RAM cycle, once started, cannot be stopped. 
A RAM cycle starts if PE is seen active at the proper clock edge and a valid cornmand is recognized. 
If PE is activated after a command has gone active and inactive, no cycle will start. 
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Types of logic that work well are 74118 and 7485. PE should be valid as much as possible before 
the command arrives because, as the address bus switches and settles, glitches on PE could either: 
disqualify a memory cycle; delay a memory cycle; or start a memory cycle when none should have. 
Refer to the Port Interface Waveforms in the Data Sheet. If Port Enable is not seen active; by the 
next or same clock edge, no memory cycle will occur, unless the command is removed and brought 
active again. 

Back to Back Commands 

Holding the 105, WR inputs active will not generate continuous memory cycles. Memory commands 
must go inactive for at least one clock period before another memory request at that port will be 
considered valid. Holding the inputs active will not keep the other port , from gaining access to the 
RAM. The only signal that can prevent the other port's gaining access to the RAM is LOCK. 

Address Inputs (And LOCK) 

Two pins control the address inputs on the 8207, MUX and LEN. Neither are used for single port 
8086 based systems. MUX is used for dual port configurations, and LEN is used for single and dual 
port 80286 based systems. MUX is used to gate the proper ports addresses to the 8207. If the output 
is high, Port A is selected. If it is low, Port B is selected. 

The cross coupled NAND gates, shown in the 8207 Data Sheet (Figure 3), are used to minimize 
contention when switching address buses. Use of a single inverter would have both outputs enabled 
simultaneously for a short period. The cross coupled hand gates allow only one output enabled. 

MUX also allows the single LOCK input to be multiplexed between ports. Figure 9 shows how to 
multiplex the LOCK input for dual port systems. See the LOCK section for more information. 



TO ADDR LATCH A EN 




-<□ LOCK B 



TO ADDR LATCH B EN 



-<□ LOCK A 



Figure 9. Dual Port LOCK Input Circuit 

MUX TIMING 

The MUX output is optimized by the Port Arbitration scheme, which is selected in the program word. 
Figure 10 shows the effects on memory selected in the program word. Figure 10 shows the effects 
on memory bandwidth with the different schemes. Port A Preferred optimizes consecutive cycles, for 
Port A. Consecutive Port B cycles have at least 1 clock added to their cycle time. There would be 
no MUX delays for any Port A request. 
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The Most Recently Used scheme allows either port to generate consecutive cycles without any MUX 
delays. The first memory cycle for each port would have the 1 clock delay. But all others would not. 

With either scheme, if both ports request the memory at their top speed, the 8207 will interleave the 
requests; Port A, Port B, Port A, Refresh, Port B. 
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Figure 10. Port Arbitration Effects 



LEN 



LEN is used to hold the 80286 addresses when the 8207 cannot respond immediately. The 8207 will 
require a separate address latch, with the ALE input replaced with LEN. LEN optimizes the address, 
setup and hold times for the 8207. 

LEN goes from high to low when a valid 8207 command is recognized, which latches the 80286 
address. This transition of LEN is independent of a memory cycle starting. The low to high transition 
will occur in the middle of a memory cycle so that the next address will be admitted and subsequently 
latched. 

If Port B is to interface to an 80286 with the synchronous status interface, then LEN must be created 
using external logic. Figure 11 shows the equivalent 8207 circuit for Port B. 

LOCK 

The LOCK input allows each port uninterrupted access to memory. It does this by not permitting 
MUX to switch. It is not intended as a means to improve throughput of one of the ports. To do so 
is at the designer's risk 1 . Obviously, LOCK is only used in dual port systems. The 8207 interprets 
LOCK as originating from the port that MUX is indicating. 

(1) The 8207 will not malfunction if this is done. This is a system level concern. For example, 
a time dependent process may fail if the other port holds LOCK active, preventing its access of 
memory and relinquishing the bus. 
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Figure 1 1 . Port B LEN Circuit 



LOCK from the 8086 may be connected directly to the 8207 or to the multiplexing logic. The 8207 
requires additional logic when interfaced to an 80286. Figure 12 shows both the synchronous and 
asynchronous circuitry. 

For 16 MHz operation, the 8207 ignores the LOCK input during the clock period that MUX switched. 
During 8 MHz operation, the 8207 will see LOCK as being active during the clock period when MUX 
switches. 

The LOCK issued in Multibus bus systems may not be compatible with the 8207. The 8207 references 
LOCK from the beginning of a cycle, while Multibus references LOCK from the end of a cycle. The 
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Figure 12a. Synchronous interface 
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Figure 12b. Asynchronous interface 

Multibus LOCK can be used if it meets the 8207 requirements. If the LOCK timing cannot be guaranteed, 
then additional logic is necessary. The logic would issue LOCK whenever a Multibus command is 
recognized. The drawback to this is that MUX cannot switch during the RAM cycle. This would delay 
the other port's memory access by one or two clocks. 

DEADLOCK 

The designer should ensure that a deadlock hazard has not been created in the design. The simple 
interfaces shown previously will not create a deadlock condition when the 8207 controls all system 
memory. If LOCK is issued by both ports, then the above logic would need to be modified to remove 
LOCK. 



Figure 13 shows an illustration of the problem with a single LOCK input. 




Figure 13, Single LOCK Input Circuit 
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Suppose the 8207* starts a locked string transfer for the processor. The Multibus bus port requests 
a memory cycle but must wait for the processor to remove LOCK. But the processor must access 
Multibus as part of the locked string transfer. We now have a deadlock. The solution is to force LOCK 
inactive whenever an access is made to non-8207 memory by the processor. By doing this we have 
now violated the purpose of LOCK, since the Multibus port could change data. Another solution is 
to ensure that locked data does not exist in physically separate memory. 

8207 Acknowledged 



The 8207 in non-ECC mode has two active acknowle dged p er port, AACK and XACK. The AACK 
output is configured into either an "early* ' or "Jate" AACK based on the SA, SB bits in the program 
data wor d. In ECC systems t he re is on e Acknowledge per port, and it is configured to any one of 
the three (EAACK, LAACK or XACK) by the programming bits. 



The AACK pin is optimized for eithe r the 80286 or the 8086, based upon the CF S progra mming bit 
(fast = 80286; slow = 8086). XACK conforms to the Multibus bus specification. XACK requires a 
tri-stat§ buffer and must not drive the bus directly. 

In synchronous systems, XACK will not go active if the memory comma nd is removed prior to the 
clock period that issues XACK. In asynchronous systems, the AACK pin can also serve as an 
advanced RAM cycle timing indicator. 

Data out, in synchronous systems, should not have to be latched. The 8207 was designed to meet the 
data setup and hold times of Intel processors, the 8086 family, and the 80286. In asynchr on ous syste ms, 
the 8207 will remove data before the processor recognizes the Acknowledge (LAACK or XACK). In 
these systems, the data should be latched with transparent type latches (Intel 8282/8283). 

Output Data Control 

Non-ECC 

In single port systems, Intel processors supply the ne cessar y timing signals to control the input or 
output of data to the RAMs. These control signals are DEN and DT/5. Refer to t he mic roprocessor 
handbook for their explanation. If these signals are not available, then PSEN and DBM provide the 
same function. They can be used directly to control the 8286/8287 bus drivers of the 8207. 

Because of the single set of data in/out pins of the RAMs, data must be multiplexed between the 
two ports in dual port systems. The 8207 provides two outputs for contention-free switching. PSEL 
operates the same as the MUX output, in that a high selects Port A and a low selects Port B. PSEN 
acts to enable the selected port. The timing is shown in the 8207 Data Sheet, Port Switching Timing 

section. 

The easiest means of using PSEL and PSEN is shown in Figure 14. At no time will both ports be 
enabled simultaneously. 
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Figure 14. PSEL and PSEN Interface Circuit 
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Data Bus - Single Port 

♦ 

Recall that the 8207 always performs a late write cycle and that this requires separate data in and 
out buses. One option for the data bus is shown in Figure 3 of the 8207 Data Sheet. It requires separate 
data in and out traces on the processor board. 

The second option is to keep the processor's combined data, bus but separate the data at the 8207 
RAM. This is shown in Figure 15. 
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Figure 15. Data Bus Circuit 



Data Bus - Dual Port 



Non-ECC 



The multiplexed data of the 8207 RAM must be kept isolated so that an access by one port does not 
affect another port. Figure 16 illustrates the control logic. 
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Figure 16. Dual Port Data Bus Control Circuitry 
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CHAPTER 5 
8207 WITH ECC (8206) 

This section points out the proper control of the 8206 EDCU by the 8207. 

The 8207 performs error correction during read and refresh cycles (scrubbing), and initializes memory 
after power up to prevent false errors from causing interrupts to the processor. Since the 8207 must 
refresh RAM, performing scrubbing during ' refresh allows it to be accomplished without any 
additional performance penalty. Upon detection of a correctable error during scrubbing, the RAM 
refresh cycle is lengthened slightly to permit the 8206 to correct the error and for the corrected word 
to be rewritten into memory. Uncorrectable errors detected during scrubbing are ignored, since the 
processor may never access that memory location. 

Correctable errors detected during a memory read cycle are corrected immediately and written back 
into memory. 

Synchronous/Asynchronous Buses 

The many types of configurations that are supported by the 8207/8206 combination can be broken 
down into two classes: ECC for synchronous or for asynchronous buses. 

In synchronous bus systems, performance is optimized for processor throughput. In asynchronous 
buses, performance is optimized to get valid data onto the bus as quickly as possible (Multibus). While 
possible to optimize the 8207/8206 for processor throughput in Multibus systems, it is not Multibus 
compatible. The performance optimization is selected via the XA/XB and SA/SB programming bits. 

When optimized for processor throughput, an advanced acknowledge (AACK - early or late) is issued 
at some point (based on the type of processor) so that data will be valid when the processor needs it. 



When optimized for quick data access, an XACK is issued as soon as valid data is known to exist. 
If the data was invalid (based on the ERROR flag), then the XACK is delayed until the 8206 corrects 
the data and the data is on the bus. 



The first example is known as "correct always" mode. The 8206 CRCT pin is tied to ground and 
the 8206 requires time to do the correction. Figure 17 shows this implementation. The quick data 
access method is known as "correct on error." The CRCT pin is tied to the R/W output of the 8207. 
When CRCT is high, the 8206 does not do correction, but still checks th e data. This delay is typically 
half of the first. If an error happens, the cycle becomes a RMW and XACK is delayed slightly so 
that data can be corrected. 

The correct on error mode is of no real benefit to non-Multibus users. The earliest acknowlege (EAACK) 
is delayed by one clock to allow for the delays through the 8206. This imposes a 1 wait state delay. 

Byte Marks 

The only real difference to the 8207 system when adding the 8206 is the treatment of byte writes. Because 
the encoded check bits apply only to a whole word (including check bits), byte writes must not be 
permitted at the RAM. Instead, the altering of byte data is done at the 8206. The byte marks 
previously sent to RAM are now sent to the 8206. These byte marks must also qualify the output 
enables of the data drivers. 



The DBM output of the 8207 is meant to be nanded with the processors byte marks. This output is 
activated only on reads or refreshes. On write cycles, this output stays high which would force the 
8206 byte mark input low. When low, the internal 8206 data out buffers are tristated so that new 
data may be gated into the device. 
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Figure 17. 8206 Interface to the 8207 



Read Modify Writes - ECC 

i ■ ■ ■ ■ : 

A JIM W cycle occurs whenever a processor wants to do byte writes or when the 8207 has detected 
an error during read or refresh (scrubbing) cycles. A byte write is detected by the FWR input to the 
8207 and is based on the processor supplied byte marks. 



At the start of a RMW cycle, DBM stays high, which, wheiv qualified with the byte marks, will enable 
thejiata out buffer of the 8206 for the unmodified byte, and tristates the buffer for the new byte; 
R/W is high, which tells the 8206 to do error detection and correcting (if CRCT is low). The 8206 
can latch data and check bits from the RAM via the STB input, but the 8207 does not use this feature. 
Instead, the 8207 keeps CAS active the entire length of the RMW cycle to hold data at the 8206. The 
new byte data from the processor goes to the 8206 and to the RAM. The 8207 would have corrected 
any errors just read, so the old and new bytes of data, plus their check bits, are available at the RAM, 
and the 8207 generates a write pulse. The data driver for the unmodified byte must not have been 
enabled, otherwise erroneous data would be written to RAM and possibly made valid (if it was stable) 
by the 8206. • 

Data Buffer Control - ECC 



The control of the data buffers is essentially the same as in non-ECC systems, with a few exceptions. 
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The processor's byte marks must now qualify the output enable logic. The reason was described earlier 
in the RMW section. This applies to both single and dual port configurations. A refresh cycle outputs 
all the control signals that a read cycle will, except for an acknowledge. If complete buffer control 
is left to the 8207, then it would occasionally (during refreshes) put data on the processor bus. The 
DEN and DT/R signals must be qualified by the PE input. PE would have to be latched for the entire 
cycle by PSEN. 

Test Modes 

Neither of the two test modes of the 8207 are to be used in a design. Both test modes reset the refresh 
address counter to a specific value, which interrupts the refresh sequence and causes loss of data. 

In error corrected systems, a reset pulse causes the 8207/8206 to write over the entire RAM array. 
Test Mode 2 appears to bypass the prewrite sequence. But, the refresh counter is reset to a value of 
1F7 (H). So, besides interrupting the refresh sequence, the 8207 still prewrites the 8 locations specified 
by the counter. 

To not overwrite the RAM data, the 8207 RESET will have to be isolated from the system reset logic 
in ECC systems. 
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APPENDIX I 



8207/8208 Performance 



The following performance charts were based upon Figure 3 in the 8207 Data Sheet, and apply to 
the 8208 as well. All RAM access delays are based upon Intel dynamic RAMs. The charts show the 
performance of a single cycle with no precharge, refresh, port switching, or arbitration delays. 

The read access calculations are: the margin between the 8207 starting a memory cycle to data valid 
at the processor - 8207 RAS or CAS from clock delay - DRAM RAS or CAS access - 8286 propaga- 
tion delay - processor setup. 

Assume the RAS/CAS drivers are loaded with 150 pf, and the 8286 is driving a 300 pf data bus. 
80286 (example) 



RAS Access: 



3TCLCL - 8207 TCLRSL - 2118 tRAC - 

8286 TIVOV - 80286 t8 

= (3)62.5 - 35 max - 100 max - 22 - 10 

= 20 ns 



80186 (example) 



CAS Access: 



2 TCLCL - 8207 TCLCSL - 2164A tCAC - 
8286 TIVOV - 80186 TDVCL 
= (2)125 - 115 max - 85 max - 22 - 20 
= 8 ns 
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8207 Performance (EDC synchronous status interface) 



Table 5a. Wait States for Different yP and RAM Combinations 



Wait states at full CPU speed 


RAM speed 


CPU 


Freq 


100 ns 


120 ns 


150 ns 


200 ns 


80286 


8 MHz 


1-RD, WR 
3-Byte WR 
CO (3) 


1-RD, WR 
3-Byte WR 
CO 


2- Read 
1 -Write 

3- Byte WR 

C2 


Not (1) 
compatible 
with RAM 
parameters 


80186, 
8086/88-2 


8 MHz 


1-RD, WR 
3-Byte WR 
C4 


1-RD.WR 
3-Byte WR 
C4 


1-RD.WR 
3-Byte WR 
C4 


8086/88 


5 MHz 


1 

C6 


1 

C6 


1 

C6 


1-RD, WR 
3-Byte WR 
C4 



8207 Performance (EDC synchronous status interface) 



Table 5b. yP Clock Frequency for Differenc \JP and RAM Combinations 



Maximum frequency for 
one wait-state (4) 


RAM speed 


CPU 


Freq 


100 ns 


120 ns 


150 ns 


200 ns 


80286 


8 MHz 






7.3 MHz 
CO 


6 MHz 
CO 


80186, 
8086/88-2 


8 MHz 


FULL SPEED 




7 MHz 
C4 


8086/88 


5 MHz 
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8207 Performance (Non-EDC synchronous status Interface) 



Table 6a. Walt States for Different juP and RAM Combinations 



Wait states at full CPU speed 


RAM speed 


CPU 


Freq 


100 ns 


120 ns 


150 ns 


200 ns 


80286 


8 MHz 


0 

COO) 


1-Read 
0-Write 
C1 


1-Read 
0-Write 
C1 


NotO) 
compatible 
with 

RAM 
parameters 


80186, 
8086/88-2 


8 MHz 


0 

C3 


0 

C3 


0(2) 

C3 


8086/88 


5 MHz , 


0 

C3 


0 

C3 


0 

C3 


0 

C3 



Table 6b. Clock Frequency for Different juP and RAM Combinations 



Maximum frequency for 
no wait-state (4) 


RAM speed 


CPU 


Freq 


100 ns 


120 ns 


150 ns 


200 ns 


80286 


8 MHz 




7 MHz 


6 MHz 


5.3 MHz 


80186, 
8086/88-2 


8 MHz 




FULL SPEED 




7 MHz 


8086/88 


5 MHz 









(1) The 2164A tRAH parameter is not satisfied. 

(2) 150 ns 64K DRAMs with tCAC = 100 ns won't run with 0 wait-states, because they have a longer CAS 
access time than the 2164A-15 (tCAC = 85 ns). 

(3) Numbers in lower right corners are the programmed configurations of the 8207. 

(4) To meet read access time. 
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8207 Performance (multibus interface) 

This is an asynchronous, command interface. Worst case data and transfer acknowledge 
(XACK#) delays. Including synchronization and data buffer delays, are: 

Table 7a. Non-EDC system 



RAM speed 




100 ns 


120 ns 


150 ns 


200 ns 


Data access time 


289ns 


299ns 


322ns 


380ns 


XACK# access time 


333ns 


450ns 



Table 7b. EDC system 



RAM speed 




100 ns 


120 ns 


150 ns 


200 ns 


Data access time (read) 


359ns 
(324 ns)Ml 


369ns 
(334 ns) 


392ns 
(357 ns) 


450ns 
(415 ns) 


XACK# access time 


400 ns-RD, WR 
588 ns-Byte Write 


520 ns-RD, WR 
806 ns-Byte WR 



(1) Numbers in parentheses are for when 8206 is in check-only mode (8206 doesn't do error correction 
until after an error is detected. 



6^247 

\ 



230822-001 



Intel Corporation 
3065 Bowers Avenue 
Santa Clara, CA 95054 



Intel International (U.K.) Ltd. 
Piper's Way 
Swindon, SN3 1 RJ 
Wiltshire, England 

Intel Japan K.K. 

5-6 Tokodai Toyosato-machi 

Tsukuba-gun, Ibaraki-ken 300-26 

Japan 




Printed in U.S. A./C-634/1 20K/R RD/CG-MK 
Microprocessor /Peripheral 



